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Two 
Kent Meters 


which are extensively used for the inter- 
works measurement of gas, for gas supplied 
by collieries to gas works and associated 
companies, and for gas costing to departments, as, for instance, in 
steel works. 
The LS/C is a shunt type of meter which is easily installed either directly 
in a main or in a shunt by-pass across an orifice in a large main. 


A particular feature is its suitability for widely fluctuating or surging 
flows. 
The meter is suitable also for air. 


The meters have a very high capacity and are economical in first cost. 
The RT,E, measuring by differential pressure of low-pressure gas or air 
flow, is used with an orifice fitting or pitot tube, consequently the 
capacity is easily altered on the site. 

It gives a high degree of accuracy, has an equally spaced scale, and is 
not camaged by overloads. 

The electrical type transmits for distance of 500 yards, or is used for 
duplicating indications. 
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WHEN CHANGING YOUR a LAYOUT 
plan to use Rawiplug 


Fixing Devices 


When a changeover in machine positions 
is made in a Works all sorts of problems 
crop up. Machines have to be fixed in 
awkward positions, switchgear has to be 
tucked away in a small cubby-hole, wiring 
is less conveniently placed for fixing under 
the new layout. Rawlplug Fixing Devices 
can solve all these fixing problems for you, 
simply and economically. There is a Rawl- 
plug for every size of screw. They are 
suitable for any type of fixing work from 
electric wiring to light machinery, and of 
course Rawlplugs are quickly and securely 
fixed. Rawlbolts are the modern way of 
fixing heavy machinery—fixing it without 
fuss, without the mess and trouble of grout- 
ing. Rawlbolts are the speediest and best 
way of fixing heavy machinery yet devised. 





Rawlplugs, Razzldrills, Rawlbolts, Percussion Tools, Rawlcrives 

Rawiplastic, White Bronze Plugs, Bolt Anchors, Screw Anchors, 

Cement-in Sockets, Boring Tools, Tile Drills, Electric Hammers 

Mechanical Hammers, Soldering Irons, Toggl2 Bolts andi many 
products of Industrial and Domestic utility. 
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The Application of Science to 
Industry 


NDER normal conditions progressive civilisation 
not only requires cheaper ard more widespread 
provision of known products and amenities, but 


also a progressive development by the introduction of 


new ideas and inventions and their dissemination. In 
a relatively short time such amenities as telephones, 
automobiles, refrigeration, wireless, cinemas, and aero- 
planes have been added to those formerly enjoyed. The 
same period has seen, the introduction of electricity, the 
steam turbine and the internal combustion engine. More 
production processes have been developed and produc- 
tion of iron ard steel has gradually grown to meet 
increasing demands, until now it exceeds a hundred 
million tons per annum. Further addition, of metals has 


been achieved by the discovery and development of 


aluminium and magnesium. These achievements are 
the result of the application of science and no country 
has made a greater contribution to this advancement 
than Great Britain. 

But one of the difficulties encountered in, applying 
science to industry is the lapse of time before new 
scientific knowledge can become of practical service. In. 
the case of recent applications of knowledge, practical 
details have to be worked out and manufacturing plant 
devised and equipped. This assumes that a practical 
application, for the new knowledge has been, found, which 
may and usually does involve considerable delay. Ever. 
wher, it carn, become of practical service the main direc- 
tion of its use may involve the displacement, at least 
partially, of other methods, processes, or equipment, 
which have been in use over a period of time, and are 
therefore familiar to those who use them. Special 
training may thus be necessary before full advantage 
can, be taker, of the new discovery. 

Under the pressure of war the number of years, which 
would normally elapse before an original conception 
would be applied usefully, is considerably reduced and 
this war is no exception. Indeed, it is doubtful whether 
any war period is comparable with the present in its 
application of the results of scientific research and 
development. Pressure of war necessities is compressing 
into 2 few short years, sometimes ever. into a few months, 
research and development work which under normal 
conditions would be spread over many years, probably, 
in some cases, Over a generation or more, before its effect 
would be fully appreciated. 

Consider what accelerated scientific research and de- 
velopment will do for the aviation, industry wher. the 
lessons of war are turned to the uses of peace and com- 
merce. This is only one instance in which tremendous 
advances have been made, but scores could be cited. By 
applying the many war discoveries to peace-time uses 
the post-war period should find the world on the threshold 
of the most marvellous period of expansion and growth 
i its history, but courage, imagination, and common, 
sense will be needed to guide these latent forces. Just as 


Vot. XXX. No. 179 


the rapid development of wireless, the aeroplane, and the 
dye and chemical industry is attributable to the last 
great war, so we can assume that new industries will 
evolve from this war. 

The problem is how to ensure that Britain will continue 
to be sufficiently progressive ; how to encourage men of 
imaginative. enquiring and enterprising minds in, all 
ranks of industry. It is obvious that a sound scientific 
or technical education is a great advantage, since it he! ps 
these valuable people to recognise and make more com- 
plete or rapid use of their attributes ard ability. This 
scientific and technical education, should be provided by 
the State and considerable attertior, has been given, to 
this aspect of the subject recently. 

While progressive firms must continue, to an increasing 
extent, to spend money individually or research and 
development, it is ir. the interests of the State as well as 
the individual firms that industry should become more 
efficient, because the State must prosper according to the 
application, of enterprise and good judgmert. It should 
be remembered that the problems engaging attention, in 
industry are gererally those of introducing new processes 
or modifving old ores, or introducing new or improving old 
products ; gererally surmounting difficulties and elimi- 
nating defects. A very wide field of science is involved 
and it is beyord the ability of the individual to be expert 
in each branch necessary in dealing with any particular 
industry. Progressive firms usually have a scientifically 
trained personnel engaged or the immediate or near 
problems of each particular organisation. Many problems, 
however, can be more effectively solved by collective 
effort and in this direction, considerable help has been, 
given, by the State through the Department of Scientific 
and Industrial Research by giving financia! support to 
a number of Research Associations. Such associations 
as the British Non-Ferrous Metals Research Association, 
the British Cast Iron Research Association, and the 
British Refractories Research Association, referred to 
elsewhere in this issue, are in, this category. Each Associa- 
tion either provides its own facilities for carrying out work 
within, its field, or finances research in the Universities 
or other appropriate scientific channels. The British Tron 
and Steel Federation, has recertly formed a new research 
organisatior, which also functions or, a collective basis. 

It is probable that the methods of research ard de- 
velopment, which have been developed in, this country to 
facilitate the application of science to industry, will be 
intensified with a view to the strengthening of past 
efforts, giving the maximum possible freedom to indi- 
vidual research in industry, but making full use of co- 
operative research. While quality and low cost of pro- 
ducts are primary considerations, the speed at which new 
ideas car, be assimilated and applied to production, either 
as new or as improved products is also of great import- 
ance to success. New developments provide opportunities 
to progress, to develop, and even. to raise the standard of 


living. They necessitate changes ; they may upset old 


methods ; disrupt some industries ; and even render 
some products obsclete ; but they provide the path to 
progress. 
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Developments of Spectrochemical 


Analysis in the U.S.S.R. 


A CONFERENCE on, Spectroscopy and its Applica- 

t held in Moscow in 1940 is reported in a 
subsequent Bulletin * and it is worth while to study 
the scope of this Conference if we wish to see how the 
Russians follow up a good line of work. 

Besides papers dealing with applications of absorption 
spectroscopy, there were about forty papers presented 
which dealt with spectrochemical analysis, and of these 
just half were reports from industrial laboratories of 
the way in which spectrochemical methods were being 
applied in their own plant or laboratory. Some of these 


LOLS 


reports are quite brief, but we can learn something from 
the distribution of the subjects dealt with. Nine were 
concerned with steel, seven with aluminium alloys, 
four with various copper and bronze alloys’ and two 
with other non-ferrous metals, lead and bismuth respee- 
tively. 

This is a different distribution, from that which would 
be found in a contemporary collection of German, papers, 
or in one of the Massachusetts Institute of Technology 
Summer School symposia, as it is only since 1940 that 
papers on the spectrochemical analysis of ferrous mater- 
ials have been conspicuous in English or German. One 
reason for this is the greater use made in the U.S.S.R 
ot the 
rough quantitative testing of stee! in many large labora- 
tories there. lt has also been adapted for use on some 
bronzes and aluminium alloys. One of the papers 
describes the planning and layout of a laboratory for the 


*Steeloscope,” which is used for qualitative and 


spectroscopic Inspection. ot up to 2,000 samples per 
shift. This is analysis on the American scale. 

On subjects other thar, applications there are several 
papers dealing with methods of improving the accuracy 


of spectrochemical analysis, whether by changes in 


technique or improved methods of evaluating the 
results. These are in line with recent British and 
German work, but show a refreshing concentration on 


the essentials of maintaining speed and precision. with 
no general dissertations on the theory of the photo- 
yraphic method. It has become rather depressing to 
read in one paper after another accounts of photographic 
theory which differ only in their notation and termin- 
ology and all make the same simplifying assumptions, 
with some recurrent fallacies. 

Several papers deal with the fundamental 
question of the properties of the light sources used in 
spectrochemical analysis, and it is interesting to find the 
are as well as the spark getting its fair share of attention. 
The use of high-frequency ignition to maintain an A.C. 
are has also been explored by the Russians, and it is 
to be hoped that post-war release of further publications 
on this subject will enable the virtues of this system 


more 


to be established, or dismissed as a needless complica- 
tion, 

Applic ations of the spectrograph to minerals and ores 
are described in two or three papers; this is a subject 
in which British practice lags behind that of the U.S.A. 
and it may be expected that the Imperial Universities 
will some day enable us to catch up with our neighbours 
in this line. One hardly expects to see a mining pros- 
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pector carrying a spectrograph on his journeys, but in 
these days of aerial exploration he ought to be able to 
get samples tested at his base once or twice a weck, 
provided that he is in touch with an organisation as 
wide in its scope as the Russian All-Union Institute tor 
Rare and Minor Metals. 

Several of the papers deal with apparatus and equip. 
ment, and it is interesting to note that spectrographs 
and spectroscopes and microphotometers have been 
made in the Soviet Union for several years. Perhaps 
the figures for the relative imports of British and German 
spectrographs into the U.S.S.R. will be published some 
day ¢ 

Conferences and Symposia on  Spectrochemical 
Analysis have been held annually in the U.S.A. for more 
than seven years, and are held occasionally in Germany, 
and at least one has been held in the U.S.S.R. When 
shall we have one in Great Britain ? 


Demobilisation of the Forces 


OT so long ago, when the military situation was 

less predictable than it is to-day, the Government 
gave details of proposals and plans for housing, rehabili- 
tation and resettlement, international finance and the 
care of people in territories occupied by the enemy 
However, now that the territories are gradually being 
released and victory may reasonably considered to be 
near, great reluctance is displayed in telling those in the 
Forces. how soon and by what means they will be. 
returned to civi.ian life. 

The “ first in, first out ’’ scheme—Mr. Bevin s first 
effort to solve the problem—has rightly been rejected, 
and it is now generally recognised that any satisfactory 
plan must take into consideration the condition of the 
various industries, which are expected to absorb the 
mappower available by demobilisation. 

So many factors influence demobilisation that the 
problem is inevitably complex. Apart from victory over 
Germany, the question of the defeat of Japan is of major 
importance in the consideration of any plan for de- 
It is probable that the Forces to be cailed 


far 


mobilisation 
upon to augment those at present engaged in the 
Kastern campaign will be determined at the Quebec 
conference. What the strength of these Forces will be 
is not known, but it is likely that some of those engaged 
in the European conflict will be released for civilien 
duties. How will these be demobilised ? The solution 
must be simple and easily understood in order to ensure 
the support of those affected by it. Priorities there must 
be, but provided the plan in general is executed with 
reasonable speed and efficiency, it should cause little 
Misgiving. 

It is claimed that such a plan exists, but agreement 
with other Allied Nations will naturally be necessary 
before any. publication of a plan can be made. When 
the question of numbers has been finally decided, 
however, an announcement of the plan, together with 
the assurance that demobilisation of any individual 
would not be hastened as a result of influence, might 
provide increased impetus to hasten victory, but the 
problem of when and how to demobilise the Forces is 
full of difficulties and the publication of a scheme by 
the Government demands courage as well as more than 
an ordinary knowledge of human nature. 
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The Relationship of ‘‘ Rheology’’ to 
‘Strength of Materials ”’ 


By A. C. Vivian, B.A., D.Sc., A.R.S.M. 


First in America and now in this country, a new study of the 
flow properties, of all kinds of matter and materials has been instituted. 
** Can it be said that this is a new study at all, or is it rather a study of 


seems to arise: 


‘ rheological’ properties, 
‘yy hd 
The question 


‘ strength of materials’ developed along natural lines to cover cases of materials which 


are mainly plastic in their reactions to force ! 


of the first importance to institute and to correlate 

the units of quantity, current, voltage, resistance, 
and so forth: and it has been essential to discover 
exactly how these are involved together in the com- 
pounded, or more complex “heating effect’ and 
“electromagnetic effect.’ In mechanical engineering 
and in physics applied, like metallurgy, mainly for the 
production of materials to react to mechanical loading, 
it must similarly be essential to institute and to correlate 
the mechanical properties, to study 
materials *’—or whatever this branch of the subject may 
be more suitably called—dealing with the properties 
by which materials react to mechanical stimuli. 

Until recently, engineers and metallurgists appear to 
have been content with an unambitious set of ** units,” 
and have not greatly concerned themselves with questions 
of the origin and relationship of these. Their analysis 
of the compound, or complex properties into component 
“units ’’ has not proceeded very far. In his publications 
during the last year or so, the writer has endeavoured 
to show that existing conceptions of the mechanical 
properties have been narrow and unscientific, ill-fitting 
the important technologies they serve so poorly. He has 


FF‘: progress in electrical technology it has been 


emphasised the origin and relationship of the units or- 


elements of these properties by drawing attention to 
the true stress-strain curve employing differential strain ; 
and shown how the complex properties are but special 
compounds of these ** units ** much as ** heating effect ” 
in electricity can be said to be compounded of electrical 
units. 

Having thus suggested a broad and natural foundation 
for the understanding and systematisation of the 
mechanical properties, the writer very recently had 
opportunities of exchanging views with those who seek 
to examine and standardise on a sound basis certain 
properties of matter and of materials which are described 
as “ rheological,’ since they appertain to flow or to 
shape-change, due to force. People interested in 
“theology,”’ and anxious to derive as much as possible 
from its study, have appeared from every imaginable 
quarter. Makers of cheeses, researchers in plastics, 
medical men (wishing to understand the shape-change 
in muscle fibres and other tissues), and a host of others 
from painters to metallurgists and engineers all desire 
to be shown, in effect, what unit properties are involved 


in the shape-change of their own particular kind of 


mattcr or material under the influence of different kinds 
of force, how these may be styled, abbreviated and 
symbolised, and how they may be quantitatively esti- 
mate by tests. 


“strength of 


@? 


These members of the British Rheologists’ Club are, 
as they make a point of stating, only upon the very 
threshold of their task: the completely open mind is 
characteristic of every member as yet. The cheese- 
maker may possibly feel that he is likely to have more 
in common with, say, the user of paint than with the 
metallurgist ; perhaps the plastics researcher has an 
inkling that his technique could not lie far from that of 
the metallurgist or engineer. On the other hand, metal- 
lurgists and engineers may frankly and plausibly submit 
that they have been testing materials for a long time, 
and that their own “ units,”’ calculations and tests, 
suitably. adapted to the variety of new needs with 
requisite patience, should serve other purposes as well 
as their own. A somewhat general feeling seems to 
prevail among members that a purely mathematical 
approach would prove to be inapplicable to most of the 
imperfect materials of interest to themselves. It has 
certainly been found that, so imperfect is the average 
crystal, for example, the purely mathematical approach 
to its mechanical properties has proved unsuccessful 
in predicting or in estimating them. The mechanical 
properties of the ordinary crystal seem to be due rather 
to the breach than to the observance of all known rules 
laid down for the crystalline state ! There is, of course, 
the possibility that similar gross discrepancies might be 
discovered in cases of non-crystalline materials as well ; 
but such a drawback should not be allowed to discourage 
the mathematical approach as a potentially valuable 
branch of ** rheological ”’ study. 

It is not really surprising that rheologists, bearing in 
mind the nature of their mainly plastic or viscous 
materials, should find that the study of “strength of 
materials’ useless for their purposes, and, naturally 
enough, they are trying to attack their problems for 
themselves. The form in which ** strength of materials ”’ 
has hitherto been presented has been completely un- 
attractive to anyone with a chiefly plastic problem to 
solve. The old style mechanical properties—which are 
still the present style mechanical properties—almost 
exclusively refer to the elastic properties—that is to say, 
the only properties commonly measured with sufficient 
accuracy to be of interest to anyone like a rheologist 
are the elastic or near-elastic properties. So regardless 
of accuracy has the treatment of plastic problems under 
‘strength of materials ’ hitherto been, that the present 
standard ‘ ductility ’ of a ductile metal, for example, 
is always grossly inaccurate, nothing but a “ nominal ” 
figure of merit—like the “ultimate tensile stress ’”— 
bearing no relationship with the truth and serving only 
limited practical ends. Under such conditions, toughness 
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—the work to take unit volume of material up to some 
specified degree of plastic stress and strain—may be 
many hundreds per cent. wrong when attempts are 
made to measure it from diagrams in common use. 

But all that--and a great deal more which has pre- 
vented “strength of materials ’’ applying to materials 
in general—is due for reform, as the writer respectfully 
submits, according to the suggestions of his ** Renais- 


sance, 7 


In the fundamental and widely applicable study of 


mechanical properties suggested by the writer, the true 
stress-strain curve characteristic of all the material's 
reactions to force equally applies to materials whose 
reactions are entirely plastic or viscous. That this was 
the earliest intention of his writing as far back as 1941 
is indicated by his many remarks on the elastic limit 
and limit of proportionality, one of which (in reference 
to the latter) is: 

* Both (its) stress and strain may be negligibly 
small, but a limit of proportionality can be pre- 
sumed to exist in every case.”’ 

Or again (in reference to the elastic limit) : 

“It is presumed that every metal will exhibit 
at least some elasticity whatever be the type, speed, 
or temperature of loading.” 

And here the writer had certainly not overlooked the 
fact that many metals are practically “* plastics” at 
slightly raised temperatures, whilst at high temperatures 
they may be as plastic as clay, or even liquid when 
molten! The object of such remarks was to emphasise 
the frequently negligible element of elasticity in the 
plastic material, just as the frequently negligible element 
of plasticity was also to be emphasised in the elastic 
material ; so that the generalised form of the true stress- 
strain should be recognised as displaying every 
possible property of every possible material. 

A completely inductile material at ordinary tempeta- 
tures and loading rates is an example of a material 
with a true stress-strain curve the only — significant 
feature of which is its steep practically straight line at 
the slope of Young’s modulus. Such a curve ends at the 
fracture of the material significant signs of 
plasticity have been exhibited ; but some plasticity is 
nevertheless present, for the line is never mathematically 
straight. The typical ductile material at ordinary 
temperatures and loading rates exhibits an early almost 
straight part of its curve ; but heavier stress-induction 
progressively results in the exhibition of more and more 
plasticity as the original elastic modulus gives way to 
ever-diminishing moduli or curve-slopes tending to 
approach a limiting low value of slope. Such a limiting 
low value is undoubtedly some measure of the coefficient 
of viscosity of the material which is due, in the limit, 
to become the perfect (undercooled) liquid, the purely 
plastic or viscous material, 

In his ** Renaissance,” the writer has been clear on the 
effects to be expected (a) from high temperatures ; (b) 
from low loading rates. Each of these procures a flatter 
and a longer curve. In fact, each of these carried far 
enough obviously procures the stress-strain curve which 
has the slope of the limiting low value of the purely 
plastic material. In other words, a material is elastic 
only, elastic-cim-plastic, or plastic only depending on 
the temperature and rate of its loading. A material 
commonly described as ** plastic,” like cheese or like one 


curve 


before 


“A Renaissance of Mechanical Properties,” accepted by the I.Mech.E. on 


Sept. Sth, 1942. 
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of the plastics, is one which exhibits the limiting low 
value of slope in its stress-strain curve at certain tem. 
peratures and rates of loading. Could it be doubted 
that elasticity would develop or increase in a ** plastic ” 
material at sufficiently low temperatures, or in reaction 
to excessively rapid loading? For, it is known well 
enough that a typically elastic material loses its elasticity 
at elevated temperatures until it may become the perfect 
liquid upon, melting if it survives decomposition, by heat : 
it is, moreover, known, that, by the exhibition, of ** creep ” 
at excessively slow loading rates, an ** elastic *’ material 
may behave like an undercooled liquid. 

The viscous behaviour of liquids has been studied by 
approaches both from the behaviour of gases in flow 
(or under force) and from the behaviour of elastic solids 
under force (or in flow). The relationship between 
rheology and a study of mechanical properties under the 
‘renaissance ’’ would thus seem to be very 
These two approaches seem to meet in the material 
which, at ordinary temperatures and loading rates, 
exhibit some elasticity to begin with, but survives 
unfractured the stress-induction which ultimately leaves 
it entirely without elastic reaction. 

According to the view of Poisson and Maxwell, a 
viscous liquid is able to have induced in it a certain 
amount of elastic shearing stress and strain, but is con- 
tinually breaking down under them at the same time. 
This is also the state of affairs in the so-called ** elastic ” 
material except for the fact that, in elasticity, the process 
of breaking down, keeps pace to nothing like the same 
extent with the elastic shear strain at temperatures 
considered ordinary and at loading rates considered 
ordinary. Poisson and Maxwell point out that, if the 
rate at which elastic shear strain disappears from the 
material is proportional to the strain. itself—sayAé, 
when @ is the elastic shear strain—if » is the coefficient 
of viscosity and n» is the modulus of rigidity, then 


close. 


” sand is the * fluidity.” 
A 7) 
Also ' A is the * relaxation time,” which is a property 
of the material representing the time taken for unit 
elastic shear strain, completely to die away to permanent 
set, or to plastic strain. The mechanism of such 
dying out of elastic shear strain can be v-ewed as 
in which the wateral actually 
unter.o a change in nature, and assume the state 
of a new material with a much shorter relaxation 
time. The effect of such a transformation, is that all 
those portions of the material, the regions which have 
taken upon themselves the relaxation of the bulk of the 
material around them, are now little more than, diluents 
in the bulk, viscous liquid regions dispersed throughout 
the bulk of the material in a manner which will vary 
from material to material. Lack of homogeneity in the 
original material would be at least one, but perhaps 
not the only cause of the coarse dispersion of such 
regions, and of highly localised failure of the material 
under load with comparatively brittle fracture. Assum- 
ing a high and a uniform dispersion of such regions to 
result from loading, their diluent effect would cause the 
relaxation time of the bulk of the material to drop 
with continued stress-induction, and the logarithmic or 
‘die-away ” form of the stress-strain curve character- 
istie of ductile metallic materials is readily enough 
understood. 
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Evidently, if relaxation time is a significant property 
of materials which are plastic, its significance in the 
important case of materials which start by being elastic 
in their reactions is hardly less, since the very shape of 
the true stress-strain, curve is due to it, and it, moreover, 
accounts for the steeper curves at the higher loading 
rates and vice versa. 

The assumption made in the above is that the relaxa- 
tion, time has been greatly reduced in the regions which 
have relaxed neighbouring shear strains—i.e., 1/A has 
dropped to a value of a much lower order, and » there 
is much lower (though, of course, still immensely high 
in the case of all structural materials as judged by the 
viscosity of known liquids). The modulus of rigidity, 
associated as it is with Young’s modulus E by the 
formula 

m 

2 (m + 1) 
(where 1 /m is Poisson’s ratio, another ** elastic constant ”’ 
of the material), would naturally remain unchanged 
for all those regions of the bulk escaping the relaxation 
of the elastic shear strains ; but the statistical mean n, 
E and m change more and more to lower values under 
continual loading. 

Yet, in some materials like metals, a further change 
takes place, following that which relaxation brings 
about, and at such an interval in some cases as to be 
recognised as a secondary reaction. This “ strain- 
ageing ” takes place after an interval following relaxation 
change, which differs greatly in. different materials and at 
different temperatures ; and in the case of metals may 
or may not procure a net change in the direction of high 
n, E and m for the bulk. The final change, or ** strain- 
ageing,” in the case of metallic materials commonly 
overlaps the relaxation changes to a greater or smaller 
extent at ordinary loading rates, the practical relaxations 
in these cases must therefore be considered to be the 
sum of a (positive) relaxation proper and a (negative) 
recovery. Only when the recovery lags as much as it 
does in the case of some materials can it be distinguished 
and isolated as an effect in, itself additional to a relaxa- 
tion. Thus, a material with a high strain-ageing rate 
may at the lower loading rates have its recovery for all 
intents and purposes contemporaneous with its relaxa- 
tion, and impossible of recognition as such. At high 
loading rates, however, the recovery would tend to lag 
behind relaxation, and either affect the latter part of the 
stress-strain, curve or take place entirely in a period of 
rest following the release of the load. Then the recovery 
may institute a final change-back to produce a ‘* worked ” 
material dissimilar, somewhat similar, or identical with 
the original unworked material. Metals provide many 
examples of all these types of recovery, including the 
type procuring dissimilarity in the form of a more 
elastic and less ductile product of working, and the type 
which so nearly reproduces the original properties of 
high ductility that the product is almost infinitely 
ductile. Whenever a material is highly ductile, approach- 
ing a viscous liquid in respect to the effect of loading 
on it, it can be argued that the algebraical sum of its 
contemporaneous relaxation and recovery changes of 
properties is small, that its change of modulus of rigidity 
and relaxation time is small, that its viscosity is there- 
fore frirly constant, or that it approaches the perfect 
liquid in mechanical properties. 

There are, to be sure, very few other special properties 
of perfect liquids which have not been touched upon 
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in the above very superficial treatment of the relation- 
ship between rheology and a study of mechanical 
properties, according to the writer’s ** Renaissance.” 
It is submitted that the purely mathematical treatment 
is as essential a part of the whole as any purely theoretical 
treatment of a technical and industrial matter can be. 
The technical and theoretical approaches will meet in 
time, though it may be some time before the theoretical 
will greatly aid the technical, or more immediate, aspects 
of the subject. 

In the meantime, what is the liquid’s true stress-strain 
curve ? In measuring and considering the viscosity of a 
liquid, the criterion, seenis to be the velocity gradient 
rather than the displacement gradient, or shear strain, of 
mechanical testing. The only difference here is the 
element of time which appears in viscosity considera- 
tions, but not in considerations of mechanical properties 
before the *‘* renaissance.” Mathematically, the con- 
version is a simple one : it is easy to put on paper, but 
to those anxious to visualise this difference it would be 
as well to recollect that mechanical static tests to 
destruction from which the true stress-strain curves 
are derived are tacitly recognised as having the average 
duration of a minute or so, though it does not matter 
a great deal in most cases if the test takes a few seconds 
or a few minutes. Nevertheless, there is a difference 
in the shape of the stress-strain curve depending upon the 
time, and it is all important to remember this in the 
comparison, of rheology with ** strength of materials.” 

If an infinite number of stress-strain curves covering 
a great range of test durations were to be arranged in 
order and in parallel planes at regular infinitely small 
intervals along a “time axis’ at right angles both to 
the stress and to the strain ordinates, these curves 
would now practically touch and present a surface on 
which could be traced lines of equal strain ordinate. Any 
of these latter lines will present a slope with the time 
axis which is a measure of the dv/dx, the rate at which 
shear strain is applied (where v is the velocity of a 
particle of the material at a distancé x from the plane 
of reference). At any point on these lines, the ratio of 
the stress appertaining to the point and the above- 


‘ mentioned slope is, in fact, the viscosity of the material 


measured in exactly the same way as the viscosity of a 
liquid. At any point whatever of the above-mentioned 
surface, the value of the stress (as read on the stress 
ordinate) divided by the slope (at the point) of the 
nearest of those lines with the time ordinate represents 
the viscosity of the material, be it steel, perspex, cheese, 
paint or treacle. 

Why, then, does time not seem to matter in the case 
of the mechanical properties, and yet is all-important 
in the measure of plastic flow’ The writer has at least 
tried hard in his *‘ Renaissance ” to show that the study 
of mechanical properties cannot be generalised and put 
on a satisfactory basis even for the study of the metallic 
properties until rate of loading introducing the element of 
time, is recognised as an important feature and incor- 
porated into the study. For, high-speed loading is 
regularly employed at elevated temperatures to drop- 
forge metallic materials on a very large scale to-day ; 
yet nothing whatever is known in numerical terms of the 
properties of the materials so treated at the rates and 
temperatures of loading employed—differing vastly as 
such properties must from the only standard specifica- 
tion values recorded for these materials. 

Makers of cheeses, users of plastics and of paint, and 
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the like, are undoubtedly appreciating the urgency of 
their ‘ rheological” problems, and have been attacking 
them in the only way oper to them. And this seems to 
be because “* strength of materials,” in a no-man’s-land 
between metallurgy and engineering, has remained the 
undeveloped subject in spite of the obvious demands 
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of those very powerful and important technologies. 


Is 
it not really incredible that makers of cheeses should 
call for an interpretation of their rheological effects 
even before manufacturers of rolled, extruded or drop- 
forged parts have as yet signified any great apprecia. 
tion of this need ¢ 


The “Extrusion Effect 1n Aluminium Alloys 
By H. K. Hardy,* M.Sc., A.R.S.M. 


It has been established that the highest tensile values of certain aluminium alloys are obtained 


in the longitudinal direction of extruded material. 
variations in properties have been concerned chiefly with tensile tests ; 
Study in this field is still in an elementary stage, and 


fundamental work been carried out. 


modern theories require to be checked and elaborated. 


Most investigations seeking the cause of 
only recently has 


In view of the technical interest in 


the subject, this survey of results of investigations, together wih the author’s discussion of 
theories expressed, draws attntion to its increasing importance. 


l is now well established that the tensile properties 
| obtained on alloys of the duralumin-type are greatly 
affected by the type and degree of working to which 
the material has been subjected prior to heat-treatment. 
Apparently, Matthaes' was the first to record that 
extruded Duralumin (681ZB) gave higher longitudinal 
tensile properties than rolled material of similar size 
and composition. His results are given in Table I, 
which also contains details of test results obtained by 
% 12, 13. 16 which establish the fact 
that the highest tensile are obtained in the 
longitudinal direction of extruded material, and that 
these properties may be greatly reduced by working 
prior to heat-treatment. 
The naturally ageing alloys to BSS.6L1 and BSS.2L39 
show this effect to an appre- 
clable extent, and extrusions 35 1 ] 
of medium size may possess 
tensile in the 
longitudinal direction very 
greatly in of the 
minimum specification 
values for sections greater 
than { in. in thickness prior 
to straightening. For see- 
tions exceeding ?2in. in 
thickness the specification 
are fixed at 15 tons 
sq. in., 25 tons sq. in., and 
15°, tor the O-1° proof 
stress, ultimate tensile stress 
and elongation respectively, 
but the obtained 
on Lin. diameter bars are 
often in the region of 19 
tons sq. in., $l tons per 
in., and 16°, respee- 
tively. The effects are not 
limited to these alloys and 


other investigators, 
values 
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are reduced by forging prior to heat-treatment, with a 
corresponding increase in elongation. The extent to 
which the properties are affected by forging is a function 
of the temperature and rate of working.'? Sheet materials 
which have been heavily cold-worked and have a fine- 
grained structure generally possess properties somewhat 
above those of forgings. 

Although the study of the cause of these variations 
is still in an elementary stage the review of the literature 
given below serves to draw attention to a subject of 
increasing importance. However, most investigations 
have been of limited scope only and have dealt chiefly 
with tensile tests on different forms of material. Only 
recently bas fundamental work been carried out by 
Unckel and by Dreyer and Seeman. Both types of 
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investigation are reviewed here, the former to give the 
subject in its chronological outline and to indicate how 
interest gradually increased over a period of years ; and 
the latter type to indicate the present position and 
modern, theories which still remain to be checked and 
elaborated. 

Review of Investigations of Limited Scope 

Most investigators have started by considering the 
effect of drawing extruded rods prior to heat-treatment, 
their results being in complete agreement in that the 
proof stress and ultimate tensile stress are initially 
lowered, ®& 7 ® *% ete. with a corresponding increase in 
elongation. Typical results are given in Figs. 1 and 2. 

Dreyert regarded extruded material as abnormal, the 
abnormality—i.e., the cause of the exceptionally high 
tensile properties—being termed the ** extrusion, effect ” 
(* Presseffekt *’). He stated that this was removed by 
working the material prior to heat-treatment. The 
reduction in properties induced by drawing was accom- 
panied by the formation of new crystals. Dreyer’s 
results on, Duralumin 681B are shown in Fig. 1. 

A similar change, though to a smaller extent, was 
found by Lay and Grimm? on Pantal (Al-Mg-Si alloy, 
artificially aged). They suggested that the decrease in 
properties might be bound up with some form of grain 
refinement, but the nature of this was not discussed. 
Their results on Heddur H4v (duralumin-type alloy, 
naturally aged) are given, in Fig. 1. 

rABLE 1, 


LONGITUDINAL TENSILE PROPERTIES OF RODS IN|) WROUGHT 
HEAT-TREATED DURALUMIN-TYPE ALLOYS. 


Proof UTS, 


Author. Material. Condition, Stress, Tons El, BLN, 
Tons Sy. In. %- 
mq. In. 








1 1 Dural GS1ZRB Extruded 20-4 16 1lo 
Rolled 2s-4 33 llz 
0-1% 
DTD. 364 Extruded 31°35 10-5 
M oore! o-, Forged 26-7 13 
| he 
Kos l Superdural Extruded to 18-2 27-6 16 - 
Nakata,® r 60 mm, diam, 
forged to } 
59 nm, thick, 
Extruded to 12°95 | 22-0 22 — 
60 mm, diam 
forged to 
39 mm, thick, 
Dre | Flw, 3115 Extruded 22-8 3°7 14-4 124 
~ ' Extruded and 16-7 37-7 20 iz1 
drawn 
Sheet 17-9 28-7 21-8 120 


Sachs® © stated that medium-sized extrusions} possess 
ultimate tensile stress, vield-point and hardness 20-50%, 
greater than the same materials in sheet, wire or rolled 
form. The difference existed in the annealed as well as 
the heat-treated condition, but was not found in very 
thin-walled extrusions which possess the ‘* normal ”’ 
properties. It may be noted that this observation on the 
hardness is not borne out by the results of Table I. 
In explanation of the high properties, it was suggested 
that they might be due to a special type of strain- 
hardening originating at high temperatures. 

The high strength of extruded Duralumin type alloys 
wa» ascribed by Kosaki and Nakata®*: ° to irregularities 
in the erystal boundaries. These change into the normal 

ourse apparent that the size of the extrusion does not in itself give 
properties, but that these will occur in extrusions which have been 


using a reduction of area from the cast billet to the section that is 
ul range. 
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smooth crystal boundaries on heat-treatment following 
deformation. Structures typical of extruded and heat- 
treated and extruded, drawn and heat-treated Duralumin 
type alloys are shown in Figs. 3 and 4, the crystal 
boundaries of the extruded material are irregular and 
the crystals very elongated, while the crystals of the 
drawn, material are equiaxed with smooth boundaries. 
Confirmation of this was stated to be found by X-ray 
examination, but this was not discussed at length in the 
English summary of the paper given by the authors. 

Bohner® | has indicated that Al-Cu-Mg and Al-Mg-Si 
alloys possess higher tensile properties after hot working 
than after cold working prior to heat-treatment, but 
that the reverse is the case with all other aluminium 
ailoys, including Al-Cu without magnesium. 


Review of More Fundamental Investigations 

A considerable amount of rather more fundamental 
work on the problem has been carried out by Unckel 
and by Dreyer and Seeman. 

Unckel'® obtained tensile test results on a series of 
duralumin-type and Al-Mg-Si alloys, extruded and 
drawn different amounts (with intermediate anneals) 
before heat-treatment. After drawing prior to .heat- 
treatment all the extruded rods, except in an alloy free 
from manganese, showed an initial decrease in, tensile 
properties, with a corresponding increase in, clongation 
(see Fig. 2). Further drawing produced an increase 
towards the original high properties. X-ray examination 
of the extruded and heat-treated, and extruded, drawn 
and heat-treated rods showed that a preferred orientation 
was produced on extrusion and remained after heat- 
treatment (see Fig. 5), but this was destroyed by the 
recrystallisation induced by drawing. The _ initial 
decrease in, properties was associated with the destruction 
of the extruded texture, and the subsequent increase 
after further drawing was associat:d with a decrease in 
grain, size. 








rABLE If, 

THE EFFECT OF DIRECTION OF ‘'TEST-PIBCE ON THE ‘TENSILE 
PROPERTIES OF ENTRUDED AND HEAT-TREATED ALUMINIUM 
ALLOYS." 

Alloy. Cu, Mg, Si, Mn Fe, Al, Heat-treatment, 
RB 1-5 1-3 O-4 0-65 O-33 Re orc. RIT. aged 

P 0-9 1-2 0-01 Ord * 520°, 135° C., & hours 
0-2 
Alloy, Direction of Test-piece Proof Stress Kl, 
lous (Sq. In o 
l Front, lor mide zoo 17 
vo Is 
1: 17-0 ZL 18 
trans. ‘ Is-4 27°8 17 
Back, | 1 22-0 eo l 
” 22-8 310 l¢ 
a i 17-4 29 vo 
t IX-9 5-9 Is 
‘ Front, long, middle 16-1 0-3 17 
a 15-7 1-3 17 
15 11-s 16-8 23 
tran | 19-1 15 
Back, long, middk a Is-0) 17 
» edge mae 10-7 35 
15 : : 13-6 5 
trans. ‘ 14-8 18 





In a further paper, Unckel'® carried out tensile tests 
in different directions on extruded rods of Al-Cu-Mg-Mn 
alloys, Al-Mg-Si alloy, and Al. In annealed aluminium 
the test-piece position had very little effect on the 
tensile properties. In the heat-treated Al-Mg-Si alloy 
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Crystals in extruded and heat-treated 
alloy—longitudinal. 300. 


Fig. 3. 
duralumin-type 


the U.T.S. and proof stress were lower in the transverse 
and 45° directions than in the longitudinal direction 
(see Table Il). In the heat-treated Al-Cu-Mg-Mn alloys 
the transverse and 45° positions again gave lower results 
than the longitudinal direction. The cause of these 
results was given as being due to one or more of the 
following 

(1) Preferred orientation. 

2) Elongated form of the crystals (effect of grain 

boundaries). 
(3) Directionality of the constituent distribution. 
(4) Precipitation at grain boundaries of intermediate 


18, 20 





phases or gases, 

The texture of extruded aluminium alloys was dis- 
cussed, with reference to his previous paper, in which it 
was found that the texture of the extruded and extruded 
and heat-treated rods consisted of a mixture with the 


Itt) and (100) directions in the direction of extrusion 
(see Table TIL). Wassermann® found a [111] texture in 
rABLE UI 
reNTURI ‘ EXTRUDED AND ILBEAT-TREATED Rops,." 

Pexture 
\ \ l ition (Directions parallel te the 
lirection of extrusion) 
111) 
111] [loo 
" ith flit) fLoo) 
edge 111} weak [loo] 
‘ fit] (100) 
111 [100] weak 
k flit) (100) 


rods of extruded aluminium. Calculations were made 
by Unckel of the ratio of maximum to minimum stresses 
to be expected from variations of orientation on the 
basis or slip on the (111) plane, and these showed that 
with a texture consisting of a mixture of | 111) and [100] 
the strength would be 1-29 times as great as in the 
disordered material. This difference was of the same 
order as the values he obtained, and in Unckel’s opinion 
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Fig. 4. 
duralumin-type alloy 


Crystals in drawn and heat-treated 
longitudinal. 300. 


suffices to explain the direction dependence of the 
strength values in every case. The fall in ductility in the 
transverse direction must be ascribed to the effect of the 








j nil Se 
(a) Extruded to30 mm, (b) Extruded to 30 mm. 
diam., heat-treated, diam., drawn to 
machined and etched 16 mm, diam., heat- 
to 12 mm, diam. treated, machined 
effect of preferred and etched to 15 
orientation is shown mm,.—many_ spots 


by streaks and pres- uniformly distri- 


ence of only a few buted —crystals dis- 
spots. ordered. 
Fig. 5.__X-ray diffraction patterns of the same alloy 


as in Fig. 2.'° 
directionality of the constituents which are present in 
strings. 

Unckel'® determined the endurance properties of the 
same alloys in different directions. None of the alloys 
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TABLE IV. 
THE EFFECT OF DRAWING PRIOR TO HEAT-TREATMENT ON THS 
TENSILE PROPERTIES OF EXTRUDED ALUMINIUM ALLOYS,’ 
(Reduction of area, 13%.) 


U.T.S. El. 


O-2%% 
Tons /Sq. In. 'Tons/Sq. Tn.) See 
rt B i OR. . vp cdncanetseeeeuds 15-6 26-9 22 
WED oe cevcnccnsscceene 15-5 26-5 20 
BPMRM,. ccceccccccccecscoesssaces 16-9 26-6 12 
2 OO eee 11-0 18-1 24 
. GENE 6acccdcoscesnceses 13-2 19-6 21 
lrans 11-7 17-4 y 


showed marked differences of endurance with direction 
at 20 million cycles, although it was suggested that large 
variations would be expected in view of the texture. 

More recently, Unckel®® determined the effect on the 
properties in different directions of drawing prior to 
annealing or heat-treatment. In the Al-Cu-Mg-Mn alloys 
the properties in the longitudinal and transverse direc- 
tions were nearly equalised by drawing prior to heat- 
treatment, the proof stress in the transverse direction 
being then slightly greater with a decreased elongation 
(see Table [V.). The preferred orientation was destroyed 
by drawing. 
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that these workers believe that the ‘‘ extrusion effect ” 
which is responsible for the high properties of extruded 
material is due to it being in the work-hardened un- 
recrystallised condition. 

Rods of three alloys of varying manganese content 
were extruded, some of them drawn after annealing, 
then all were heat-treated at temperatures between 
350° and 540°C. With 0-6% Mn no recrystallisation 
took place below 500° C., and the X-ray pattern showed 
diffuse rings ; spots due to recrystallised grains were 
obtained in the X-ray pattern at 510° C., the transforma- 
tion in the diffraction pattern being similar to that 
observed on the recrystallisation of cold-worked material. 
Up to 500°C. the micro-structure showed elongated 
crystals which were replaced by equiaxed crystals above 
this temperature. The same material drawn before 
annealing showed recrystallisation at 440° C., and new 
crystals were found in the micro-specimens at this 
temperature. It may be pointed out that these crystals 
did not have exactly the same appearance as those 
obtained in the extruded and heat-treated condition in 
that they were not exactly equiaxed, but much more like 
those found in sheet materials, slightly elongated in the 
direction of working. 

With decreasing manganese content the recrystallisa- 
tion temperature was lowered, and after heat-treatment 

at 500° C., the Mn-free alloy was 
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! fully recrystallised, while the 
4 “ _ { 0°3% Mn alloy was half. re- 
- 3 ae crystallised, and the 0-6% Mn 
“nm 7 alloy had not started to re- 
2 = crystallise. 
9 a ee Properties were obtained in 
- ns are? the longitudinal direction only. 
Z —— x EXTRUDED, HEAT-TREATED, AGED 6 +7 “a Drawing prior to heat-treatment 
2 —o— - «= “DRAWNIR = =  ooaeaee i reduced the U.T.S. and _ proof 
2s p24 stress. The U.T.S. and _ proof 
4 = a stress of the extruded Mn-free 
er Z / alloy was lower after heat- 
: Q20 treatment at 500° C. than at 
o's = |__| 450°C., due to the completion 
@ 3 or oe" ? of recrystallisation, (see Fig. 6).. A 
ps w 16 oe Y similar reversal of the extrusion 
as ° / at —s effect in normal manganese-con- 
ae taining alloys could only be ex- 
F3 pS pected at temperatures above 
= em te — —, 500°C., but this could not be 
zt Sx NQ =? tested directly because burning 
Tr 3 . | occurred at these temperatures. 
) w . The effect of manganese on 
5 105 a2 Oa Ge increasing the recrystallisation 
2 MANGANESE CONTENT ‘L ar hee 
u x 25 MM.DIAM. EXTRUDED RODS ia tacl - sg 
400 500 400 500 400 soo O---- 23 = -~ ** RODS DRAWN FROM 25MM. DIAM: viously : 14. 15 
SOLUTION HEATTREATMENT TEMPERATURE °C aman t= SET in the fates 
Fig. 6. The influence of manganese content and heat- Fig. 7.—-The influence of manganese paper Dreyer 
treatment temperature on the tensile properties of content on the tensile properties of s 
extruded, and extruded and drawn duralumin-type extruded, extruded and drawn rods ®2d Hansen 
alloys." and sheet duralumin-type alloys." showed that 
the properties 
Thus Unekel places texture as being the determining of drawn and heat-treated extrusions were very 


factor in causing high tensile properties of. extruded 
duralumin-type alloys in the longitudinal direction, 
althouzh recognising the effect of other factors. 

Drever and Seemann" studied the effect of variation 


in the manganese content on the recrystallisation tem- 
e of extruded duralumin-type alloys. 


perat It seems 


similar to those of sheet material of corresponding 
manganese contents (see Fig. 7). Increasing manganese 
content increased the tensile properties of the extruded 
and heat-treated material more rapidly than those 
of the sheet or extruded drawn and _ heat-treated 
material. 
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Discussion 

It may be noted that, generally speaking, in the 
duralumin-type alloys the minimum specification pro- 
perties for extruded products are values which are also 
used for material, such as forgings and sheet, which 
do not show the “ extrusion effect.”’ In fixing such 
minimum specification properties, however, account has 
to be taken of the fact that reheat treatment of extruded 
products may be carried out during forming operations, 
with consequent loss of “extrusion effect.” Since 
extrusions are stressed chiefly in the longitudinal direc- 
tion, the existence of the ‘* extrusion effect ’”’ gives a 
“bonus "’ which provides an additional factor of safety 
when no forming and reheat-treatment process is neces- 
sary. Cold-working prior to solution heat-treatment may 
materially reduce the high longitudinal tensile properties, 
but affects the transverse properties only slightly. 

Of the explanations put forward to account for the 
higher properties of extruded material only the Japanese 
investigators and Unckel have been explicit. Lay and 
Grimm did not indicate what they meant by ‘ grain 
refinement.”’ Exactly how the serrated grain boundaries 
of Kosaki and Nakata could cause the higher properties 
is not clear, since owing to the relatively large grain size 
of extruded material the grain boundary area would be 
considerably less than that of fine-grained sheet, in spite 
of the serrations. 

Thus the evidence is fairly strongly in favour of 
Unckel’s theory of preferred orientation, as being the 
cause of the high properties of extruded duralumin-type 
alloys in the longitudinal direction. The tensile pro- 
perties will naturally be increased, since the material is 
in the work-hardened condition, but this in itself would 
be insufficient to account for any directionality of pro- 
perties, It is evident that the recrystallisation tempera- 


SEPTEMBER, 1944 


ture, markedly affected as it is by manganese content, 
plays a considerable part in determining the degree to 
which the extrusion effect is operative, since recrystal. 
lisation removes the texture and the high properties, 
However, further work is required to show why Al-My-Si 
alloys should not recrystallise during extrusion. 
Beyond showing absence of extrusion effect in 
Al-Cu-Mg alloys free from manganese, there appears to 
be no information dealing with its presence or absence in 
aluminium alloys other than those mentioned here. 
The mechanism of deformation by plastic flow without 
recrystallisation during extrusion has not yet been 
studied. That the deformation of the individual crystals 
is very considerable is shown by the fact that the macro. 
structures of extrusions possess very long thin crystals, 
These have probably been formed directly from the 
original equiaxed crystals of the cast billet, each crystal 
retaining its separate identity in the extruded rod. 
The study of the cause of the high longitudinal pro- 
perties is one of considerable technical interest, and the 
subject is only just emerging from the exploratory stage. 
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A Gas-Fired Salt Bath 











The accompanying 
illustration shows a 
gas-fired salt bath fur- 
nace, with temperature 
controlling and recording 
equipment, designed to 
treat duralumin sheets 
each 14ft. 8in. long 

3 ft. 8in. wide, at a tem- 
perature of 490-495 C, 
the bath containing three 
sheets at a time. 

When heating up, the 
main burners and pilot 
jets were found to require 
21-87 therms per hour, 
the main burners taking 
18-9 therms. When the 
required temperature of 
490-495 was reached, the 
consumption was auto- 
matically reduced to 6-75 
thermser hour. 
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Cast Iron 


Part I[V.—Industrial Applications 
By J. A. Wylde 


Where strength, ductility, machinability and resistance to shock are important considera- 

tions, malleable iron castings find a wide field of industr’al usefulness. In_ this, the 

concluding article of the series, the author makes comparisons with competitive materials, 

with a v ew to facilitating the choice of the designer or production engineer, and refers 
to some of the more important applications of malleable iron castings. 


AVING dealt with the his- 
torical, metallurgical and 
production aspects of mal- 

leable cast iron, the reader will have 
formed some idea of the uses to 
which it can be applied. 

Malleable cast iron finds a place 
in almost every branch of engin- 
eering and its field of application 
widens daily. To obtaina practical 
idea of the scope of malleable cast 
iron, it will be helpful to make 
comparisons with materials coming 
within its competitive range, but 
before making comparisons, it will 
be of interest to review the main 
points which are considered when 
the choice of materials is being 
made. The designer, the production 
engineer and the buyer all have 
their own points of view, but these 
may be summed up generally under 
the following headings :—physical 
and chemical properties, machin- 
ability, cost, delivery, weight and appearance. 

Grey cast iron, high duty cast iron, cast steel, fabri- 
cated steel and drop forgings are the chief materials 
which may be regarded in a competitive light with 
malleable cast iron. 

For a variety of reasons which need not be discussed 
here, war conditions presented industry with produc- 
tion “ bottlenecks” and, in many cases, satisfactory 
results were obtained by the substitution of malleable 
cast iron for cast steel and drop forgings. More definite 
proof of this material’s usefulness could not be desired. 


Comparative Materials 

Having established the main items of concern to the 
designer, engineer and buyer, together with the range of 
comparative materials, it will be well to consider them 
along with malleable cast iron. 

Cast Iron.—This is one of the cheapest engineering 
materials available and, from a point of view of price, 
may be regarded at first glance as a strong competitor 
to malleable cast iron. Weight for weight, cast iron 


is very much cheaper, but it must be borne in mind that, 
where it is proposed as a substitute, considerable in- 
crease in weight is necessary to give equal strength. 

_ Cast iron is suitable for purposes where weight 
8 of no great consideration, and the loads are of a 
static nature as in the case of heavy machinery. 
Due to its high carbon and phosphorus contents cast 





An assortment of the many malleable iron castings used 
in the motor car industry. 


iron is more fluid than malleable cast iron, being ideal 
for producing thin sections and ornamental work where 
strength is secondary to appearances. 

The average tensile strength of cast iron is 12/14 
tons per square inch, as compared with 22/24 tons for 
malleable cast iron. In compression both materials 
compare favourably. For pure compression loads, cast 
iron may be used from a point of view of economy, but 
where strength and ductility are required grey iron must 
give way to malleable. 

High Duty Cast Iron.—F¥or parts requiring hard 
wearing properties without much ductility, high duty 
close grained cast irons find much favour. Such cast 
irons generally have a high manganese or a nickel- 
chrome content, and are marketed as specialised pro- 
ducts. They are suitable for brake drums and other 
parts requiring resistance to abrasion. Tensile figures 
are invariably high but ductility, generally speakin:, is 
negligible, and such castings are somewhat difficult to 
machine as compared with malleable. Ordinary malle- 
able does not possess extremely hard wearing properties 
but special grades are being developed, combining resist- 
ance to wear with ductility. High duty. cast irons are 
seldom used where the castings are subject to severe 
shock as well as abrasion. 

Cast Steel—The main advantage of cast steel over 
malleable lies in its mechanical properties but with the 
improved malleable production methods this difference 
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A few of the large number of malleable iron castings 
used in agricultural machinery. 


has been greatly reduced. In the small castings field 
blackheart malleable is frequently adopted in favour of 
cast steel, 

Malleable cast iron, due to its higher carbon content, 
has lower melting and freezing points and for this reason 
is more suited to reproduce intricate designs and heavily 
cored work, the resultant castings being smoother and 
more homogeneous, 

Viewed from the aspects of cost and appearance 
malleable iron has distinct advantages over cast steel. 
Blackheart malleable is more easily machined than cast 
steel but subsequent processes, such as welding and 
hardening, cannot be so easily carried out. In the 
writer's opinion the field for research in these two direc- 
tions is considerable as far as blackheart malleable iron 
is concerned, 

Steel castings greater resistance to wear 
than blackheart malleable, but this feature, as previously 
mentioned, can be specially catered for in special grades 
of malleable iron by the introduction of a very small 
percentace of graphite retarding element. This causes 
a certain amount of carbon to be retained in its com- 
bined form giving a higher tensile strength and increased 
wearing properties. 

In the case of certain smaller types of castings which 
would usually be made in steel, the development of 
special grades of malleable cast iron is doing much to 
introduce malleable products into markets from which 
they have previously been excluded. 

Fabricated Steel.-For certain of work the 
fabrication and welding of mild steel sections may be 
adopted in preference to malleable cast iron. This form 
of production is not economical for much of the intricate 
work such as the malleable founder is called upon to 
produce, 

With short runs the adoption of fabrication may save 
the initial cost of patterns required for casting but this 
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is, invariably, outweighed by the cost of templates, or 
marking out, and setting up. For long runs elaborate 
jigs are necessary and careful consideration requires to 
be given to the overall cost before deciding which of the 
two methods is most economical. 

The writer has had occasion to compare directly 


fabrication with malleable castings. The results: in 
malleable iron were both more satisfactory and 
economical. One of the main disadvantages observed 


with fabrication was the springiness after welding, 
causing difficulty in jigging and machining. 

Drop Forgings.—In the case of articles of simple 
outline, drop forgings, due to their superior tensile 
strength and ductility, may be selected in preference to 
malleable. Unless the quantity is sufficiently large to 
cover the cost of dies, the use of drop forgings will not be 
economical. Pattern costs for simple castings are 
negligible when compared with the cost of dies. In 
addition, the drop forger will not be prepared to put 
in dies for small quantities, whereas the founder can 
accommodate large or small quantities with equal ease. 
The cost of forgings and malleable castings are com- 
parable for straight-forward work. When dealing with 
intricate work, malleable castings will, in most cases, 
work out cheaper than forgings. In the case of forgings, 
certain parts require to be made solid, and afterwards 
machined to the desired shape. This entails extra cost 
of machining, and extra weight of metal which has to be 
subsequently removed. Due to the fact that intricate 
shapes can be easily produced in malleable cast iron by 
coring, it is possible that a malleable part will be lighter 
than a similar forging owing to the limited application 
of the forging process. 


Present Uses of Malleable Cast Iron 


It is difficult to enumerate all the uses to which 
malleable cast iron is and can be applied, but the follow- 
ing brief survey of the main industries is interesting :— 

Shipbuilding.—The Admiralty and all the leading 
shipbuilders have been large users of malleable almost 
from its inception. 

Following are a few of the items produced in malleable 
for this industry :—fairlead parts, mitre wheels and 
brackets, hand wheels, porthole doors and _ frames, 
deadlights, storm valves, small anchors and numerous 
types of brackets, cleats, winch components and ships’ 
tackle parts of every description. 

Electrical Engineering.—Malleable cast iron is ex- 
tensively used for heavy duty and flame proof switch- 
gear. Many varied types of levers, brackets, etc., 
for all classes of electrical equipment are produced in 
this material. Malleable played a big part in the de- 
velopment of the Grid scheme, being extensively used for 
insulator fittings of every type and, similarly, in the 
development of railway electrification. 

The call for malleable in connection with heavy 
electrical equipment for the fighting services has been 
tremendous. Such equipment as radio location units and 
gun predictors found a need for malleable where delicate 
instruments required to be protected from severe shock. 

Automobile Engineering—This industry uses a high 
percentage of malleable iron. Brake shoes, exhaust 
manifolds, spring brackets, back axle housings, differ- 
ential parts, pinion housings, wheel hubs, engine 
brackets, brake and clutch pedals, spring shackles, and 
endless types of door and body fittings are all produced 
in malleable. 
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The use of this material in the motor industry applies 
to light and heavy commercial vehicles, trailers, private 
cars, motor cycles, armoured fighting vehicles, petrol 
trucks, dumpers, bulldozers and tractors. Both in war 
time and peace time the automobile engineers are the 
largest consumers of malleable iron. 

Agricultural Engineering. 
the castings used in this industry are made in malleable. 
Many parts for ploughs, reapers and binders, harrows, 
planters and diggers, ete., are produced in malleable. 
It is particularly suited to the agricultural engineer who 
requires a material reasonable in cost, which will with- 
stand rough usage, and be capable of reproducing the 
intricate shapes which are required in agricultural 
machines. In addition to the agricultural engineer, 
the dairy engineer utilises malleable to a large extent 
for milking machine parts, cow stalls and churn, fittings. 
The malleable founders’ contribution towards the 
Government’s mechanised farming and increased food 
production plan has been, and still is, a considerable 
one. 

Railway Engineering.—In many ways malleable iron, 
has supplanted wrought and cast iron, in this industry 
and the demand for malleable in the construction of 
rolling stock in peace-time is very large. It is found to 
be very suitable for this class of work and is extensively 
used in connection with signalling systems and railway 
electrification. The railway engineer is appreciative 
of the value of malleable cast iron and its application 
is extending in this important branch of engineering. 

General Engineering.—The outlets for malleable in 
general engineering are almost limitless. In the lifting 
and moving industry it is used for jack bodies, levers, 
pulley blocks, winches, conveyers and elevator parts. 
Malleable is used in the manufacture of machine tools 
and small hand tools of every description—spanners, 
vices, builders’ tools, garage equipment and mining 
tools. Nearly all cycle fittings are produced in malle- 
able iron, whiteheart malleable being very suited to this 
class of work. 

Smal! conduit and tube fittings were generally pro- 
duced in whiteheart malleable, but, due to the superior 
machining proj erties of blackheart, there is a tendency 
for tube fitting makers to go over to this material. 

Production. of malleable tube fittings almost repres- 
ents a separate industry. The demands of the tube 
fitting manufacturers are so great that certain large 
malleable founders devote the whole of their plant to the 
production, of tube fittings. 

In addition, to the applications mentioned it will be 
appreciated that considerable use is made of malleable 
iron castings in most types of manufacturing machinery 
such as are used in the textile industry; in cement, 
rubber and shoe making; in grinding, forging and 
woodworking machinery: in bakery, laundry and 
bottling machines ; while many are used in excavating 
machinery. 

As a general rule blackheart producers concentrate on 
the larger types of castings used in cars, commercial 
Vehicles, agricultural machines, railway rolling stock, 
shipbuilding and heavy electrical trades. The prefer- 


ence of blackheart for heavier castings is due to its 
consistent machinability throughout heavy sections, 
but this admirable property applies equally to small 
(astinys p:oduced in blackheart., 


A very large percentage of 
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Miscellaneous malleable iron castings used in tanks. 


Aspects of General Interest 


Factors Affecting the Design of Malleable Castings. 
The minimum thickness for malleable castings is 
In most instances the minimum thickness cannot be 
applied where a thin section adjoins a heavy section as 
it is necessary for a thin section to be increased to pre- 
serve an even balance of metal. Solid masses of metal 
should be avoided and it is often, advisable for them to 
be relieved by introducing a lightening core. For 
instance, heavy cylindrical portions of castings are im- 
proved by having a central core, as this enables the 
crystalline formation to proceed in, a regular manner 
during cooling. Fillets should be as generous as possible, 
taking }” radius as a fair guide for medium sized castings. 
Square corners should be avoided as they are a continual 
source of trouble to the malleable founder. It is also 
advisable to have slightly rounded outer edges, where 
possible. Small pegs and similar projections can be 
troublesome, not so much from the casting point of view 
as the possibility of damage in, the hard state. 

The ** casting in” of steel inserts is not to be recom- 
mended. Due to rapid contraction there is a tendency 
for the casting to crack and blow in, the vicinity of the 
inserted piece. If the insert is “* cast in” satisfactorily 
in the hard state, it is liable to work loose owing to the 
expansion of the casting which takes place during 
annealing. Care should be exercised when designing 
screwed spigots forming an, integral part of the casting. 
There is a tendency for spigots to be machined and under- 
cut at the face of the casting. This is an undesirable 
procedure where excessive shear or torsional stresses 
are liable to operate. The salient points to consider in 
designing a malleable casting are the careful balancing 
of sections and masses, the avoidance of. flimsy ribs and 
arms and heavy unrelieved masses, unnecessary in- 
tricacies of design, and small cored holes which can be 
conveniently drilled. 

The founder can, do a great deal, but he cannot give a 
machined finish from a sand mould and the designer 
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must ensure that reasonable machining tolerances are 
allowed. 

Machining and Machining Allowances.—The first 
important thing to consider is whether the founder has 
been provided with sufficient information to enable him 
to produce a casting that will machine satisfactorily. 
The first duty of the purchasers is to provide a drawing 
indicating all machined surfaces, and surfaces which 
require to be cast flat. In addition, it is desirable that 
all jig location points are marked, so that such points 
can be left free of obstruction. 

Importance should also be attached to the machining 
operational sequence, so that the founder will know 
where to make allowance for casting variation. To 
ensure free machining, a minimum machining allowance 
of 4," should be catered for on all machined surfaces. 
This allowance enables the tool to clear the outer skin 
of the casting which would otherwise reduce the machin- 
ing speed. In some cases it is necessary to increase the 
machining allowance to }” or 45,” according to the 
nature of the job. Cutting oils can be used to advan- 
tage. 

Limitation of Weight and Size.—Malleable cast iron 
weighs approximately 480 lbs. per cubic foot. As a 
general guide for estimating, a figure of 0.275 lbs. per 
cubic inch can be adopted. Castings are made from 
a fraction of an ounce to 200 lbs. each in weight, but 
the usual maximum weight of large malleable castings 
is about 120 lbs. Due to restriction of oven space and 
can size, the largest castings normally treated are in the 
region of 2 ft. 9ins. to 3ft. Oins. square, although 
castings are produced to much larger dimensions. For 
larger work special moulding and annealing equipment 
is necessary but the malleable founder will generally 
give consideration to large sized jobs if approached. 
One of the main disadvantages with very large work is 
annealing expansion. This difficulty can be satisfac- 
torily overcome if approached intelligently and suitable 
allowances made. As a general guide, expansion is 
roughly equal to the contraction which takes place in 
the hard state. 

Welding and Hardening Processes.— Due to the carbon 
in blackheart malleable being in a graphitic form, it 
becomes brittle when heated above the critical tempera- 
ture. Some success has been attained with local harden- 
ing, but problems both of hardening and welding should 
be approached with caution. In the case of whiteheart, 
the carbon is in a combined form, and it responds 
reasonably well to brazing and certain hardening 
processes, but such operations require to be skilfully 
controlled. 

Standard Tests.—The standagd tests are covered by 
B.S.8S. 309 1927 for whiteheart malleable and B.S.S. 
310.1927 for blackheart malleable. (Much useful in- 
formation can be obtained on this subject from BS. 
991 1941.) 

For both specifications, the test bars are of the same 
size. The standard tensile test bar is 0-564" dia. x 8” 
long, and elongation is measured over a distance of 2”. 
The standard flat bend test bar is 1” wide x 4” thick 

8” long, and the test is taken by bending cold over a 
radius of 1” 

Test figures have already been quoted in the article 
dealing with the metallurgical aspect of malleable iron. 

The bars are not cast as an integral part of the castings, 
but require to be representative of the cast. In some 
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instances, especially with large castings, a small test 
bar is cast on and broken off after annealing. The 
fracture revealed will give a very good indication of 
the quality of the casting. It must be pointed out that 
the standard bars should, according to the Specifications, 
be tested in the unmachined state. Machined test bars 
must not be expected to give the same result as un. 
machined, although with modern blackheart good results 
are obtained in, this direction. 

Much more could be said upon this subject of malle. 
able cast iron, but, in the limited space available, the 
writer has endeavoured to give as complete a picture 
as possible of this important industry. 

It is a far ery from the days of ** Reamur ”’ to the 
present when malleable is taking its proper place in 
the engineering world. The malleable founder con- 
tinues to approach his problems from a more scientific 
aspect, and is always striving to improve his product, 
The industry has played a very valuable part in these 
years of war and will, no doubt, have a still greater 
part to play in the post-war years to come. 


A New Carborundum Film 


Tue Carborundum Co., Ltd., pioneers in the use of the 
industrial film for educational purposes, have produced 
a new film, ** First Principles in Grinding.”’ The picture 
is of particular value at the present time, when the need 
for lucid technical instruction was never so great. 
Thousands of trainees, confronted by the modern 
grinding wheel, must have pondered deeply over the 
intricacies of abrasive action, grit and grade, bond 
structure and the like. Here in the film, these and 
many other problems are smoothed away, leaving no 
doubt in the minds of potential operators. The ex- 
perienced hand will also find much to interest him. The 
unusually interesting manufacturing scenes and the 
clear-cut commentary contribute to 40 minutes of clear 
instruction on a subject not too generally understood. 
The film is on 16 mm. sound stock. The Carborundum 
Co., Ltd., have suitable sound apparatus and competent 
operators. All requests for an exhibition of the new 
film will receive the utmost consideration and should be 
addressed to the firm at Trafford Park, Manchester, 17. 


Personal 


Dr. C. J. Smithells, M.C., has been appointed director 
of research of the British Aluminium Co., Ltd. Dr. 
Smithells was an original member of the research staff 
of the General Electric Co., Ltd., and is the author of 
several metallurgical books. Since 1938 he has been 
general manager of Lodge Plugs, Ltd. 


Dr. A. G. C. Gwyer, scientific manager of the British 


Aluminium Co., Ltd., will retire in October, 145, 
when he will have been 33 years with the company. 


Dr. S. Livingston Smith, Superintendent of the 
Engineering Department, National Physical Laboratory, 
has been appointed Director of Research of the recently 
formed British Shipbuilding Research Association. 
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Reviews of Current Literature 


The Teaching of Mathematics to 
Physicists 

Tue Report of the Planning Committee of the Institute 
of Physics on the “* Education and Training of Physic- 
ists,’ which was adopted by the Board in May, 1943, 
stated that “some modification in the present method 
of teaching mathematics to prospective physicists is 
desirable.”” A Committee, consisting of representatives 
of the Institute of Physics and of the Mathematical 
Association was set up to report on changes that ap- 
peared desirable. The recommendations of this Com- 
mittee are published in this 20-page booklet, and 
appendices included give schedules outlining courses in 
mathematics for prospective physicists and a guide to 
mathematical examination questions. 

The recommendations made refer only to the teaching 
of mathematics to physicists in training in the Uni- 
versities (and possibly, to students of other sciences). 
The training of mathematical physicists is the re- 
sponsibility of the Department of Mathematics, and 
therefore has not been considered by the Committee. 

Published by the Institute of Physics, The Uni- 
versity, Reading. 


Apprenticeship for a Skilled Trade 


THE present war, as with great wars of the past, is 


causing considerable discussion on the old problem of 


training in particular subjects connected with industry, 
so that the greatest possible number will be able to 
contribute, in a continually increasing measure, in 
useful service to mankind. Training for skilled occupa- 
tions has been a problem for generations. In recent 
years it has been left to individual works to make what 
arrangements are thought to be desirable: as a result 
by far the majority of works have no scheme at all. 
There are many notable exceptions and mention may 
be made of Metropolitan-Vickers Electrical Co. Ltd. 
and the Wellman Smith Owen Engineering Corporation 
Ltd., where training schools have been established for 
many vears. At the works of the latter firm the school 
is a properly designed and equipped workshop and 
lecture room, supervised by a qualified instructor and 
lecturer. In this school all would-be apprentices serve 
at least a portion of a probationary period before being 
indentured as apprentices. It is noteworthy that at 
least 80 per cent. of this company’s skilled workers are 
men who have been trained in their own school and 
under their own apprenticeship scheme. Already plans 
are completed for a bigger and better school, which will 
be constructed as soon as conditions permit. 

The main problem is to define some basic system of 
training which can be modified in practice to meet the 
needs of particular industrial districts or even industries. 
A number of books on the subject have been published 
recently which should form useful guides. Very thought- 
ful proposals for a scheme of apprenticeship are given 
in this book by Mr. F. Twyman. The scheme has been 
developed with a view to improving the efficiency of 
the British optical industry, but it is presented in such 
a useful form that responsible authorities in other in- 
dustries, contemplating the adoption of a scheme, will 
find » considerable amount of useful information on the 
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subject, which, in the main, will be found applicable to 
their industry. 

The author appreciates that this country 
become self-sufficient, even if it so desired. 
therefore, export; it must make things which the 
peoples overseas will buy. Inducements, such as re- 
ciprocal agreements, and preferential tariffs, cannot be 
relied upon, and we must either make things cheap or 
make them of high quality. Whichever is aimed at, 
however, necessitates skilled workmen and better results 
in the skill developed are produced by a sound training 
under an apprenticeship scheme. 

This book will amply trepay careful reading. 

By F. Twyman, F.Inst.P., F.R.S., with an Appen- 
dix, Apprentices and the Law, by Henry Newcome 
Wright, LL.D. (Lond.). Published by Charles Griffin 
and Co. Ltd., 42, Drury Lane, London, W.C.2, and 
obtainable from the author at 98, St. Pancras Way, 
Camden Road, London, N.W.1. 5s. net. 


cannot 
It must, 


Training for the Metallurgical Industries 
THE establishment of an adequate apprenticeship 
system is no easy matter. It is dependent on the 
observation of certain principles, which must be satisfied 
if success is to be achieved. It is important, for instance, 
that workshop practice shall go hand-in-hand with 
technical training ; but that neither shall interfere with 
the other. It is also important that the apprentice shall 
be wholly a workman while at the factory and wholly 
the student at the Technical College, and that he shall 
have sufficient time available during both periods for 
normal social and cultural activities. 

It is essential that the apprentice shall have the 
opportunity to receive an education suitable to his 
capacity, and that he shall not be prevented by his 
financial circumstances from reaching the highest level 
of which he is capable. The training must be flexible 
enough to provide the industry with the highly skilled 
(specialist) craftsman, the technician and the research 
worker, and also to provide the basic education for 
administrative officers. 

Above all it is fundamentally important that the 
scheme shall be such as to command the respect and 
support of foremen, charge-hands and work-mates, and 
that the training will impart to, and impress upon, the 
apprentice those basic prince iples of the arts and sciences 
that are essential to the satisfactory conduct of the 
industry in which he is engaged. 

The scheme promoted by Birmid Industries Ltd. for 
its component companies, and recently published in 
book form, was devised with the object of satisfying 
the foregoing conditions. In this well illustrated but 
severely practical work each one of the above principles 
will be found adequately covered; but, since it is 
intended as a guide for intending apprentices and their 
parents or guardians, the principles are implicit. The 
information provided is, however, quite explicit. 

The Apprenticeship Scheme covers a period of five 
years divided into two stages. The first stage includes 
the ages of 16 to 19 years during which time the ap- 
prentice wi'l be given a general knowledge of his craft 
and a working knowledge of the basic technical back- 
ground which is esse ntial for a successful tradesman, 
and which will, moreover, form an introduction to the 
higher branches of the industry. The courses provided 
by the Technical College will enable successful students 
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to obtain the College Diploma, and with it either the 
Natioral Diploma (Ordinary) and /or the City and Guilds 
Intermediate Certificate. 

Following the three-year period the Company will 
indicate to the apprentice the lines on which they 
consider he should specialise. The Company will be 
guided by the individual record of the apprentice which 
will take into account reports from the departmental 
heads and from the Technical College. The apprentice 
will be able to choose—from the Company’s sugges- 
tions—the work which he feels to be his vocation. 
Those who choose a technical or commercial career 
will also have specialised training in the factory ; but 
they will, in addition, attend the Technical College for 
two further periods during which time they will work 
for the Higher National Diploma, , 

Tables, denoting the curriculum at the Technical 
College and the courses at the factory, are given and a 
cartoon graph illustrates the progress of the apprentice 
throughout the training period. An encouraging word 
in regard to subsequent employment is added. 

All apprentices who successfully complete the course 
to the satisfaction of the Company will be awarded the 
Birmingham and District Certificate of Apprenticeship 
in the Engineering and Allied Trades. 

Published by Birmid Industries Ltd., Dartmouth 

Road, Smethwick, Staffs., to whom application may 

be made for a copy. 


Dr. Moore to Retire 


Dr. Harotp Moors, C.B.E., who was appointed 
Director of the British Non-Ferrous Metals Research 
Association in 1932, will retire from that post on 31st 
October next when, at the age of sixty-six, he will have 
completed twelve years’ service to the Association, and 
fifty years in the study and practice of metallurgy. 

In 1904, he went to the Research Department, Wool- 
wich, as chief metallurgist and after the expansion of 
his scientific staff from 4 to 40 during the 1914-1918 
war he was designated Director of Metallurgical Re- 
search. As metallurgical adviser to the War Office and 
the Ordnance Department of the Admiralty, Dr. 
Moore had much experience of Service problems, both 
ferrous and non-ferrous, and for his work on these he 
received the C.B.E. in 1932. 

Successful research on several industrial problems 
carried out for the British Non-Ferrous Metals Research 
Association at Woolwich led to his being invited to serve 
as a member of the Association’s Council and later, on 


Dr. R. S. Hutton’s election to the Goldsmiths’ Chair of 


Metallurgy at Cambridge, to Dr. Moore’s succeeding 
him as Director in 1982. 

From 1934 to 1936 Dr. Moore was President of the 
Institute of Metals, and he has taken a prominent part 
in its activities for many years. The Institute has shown 
its appreciation. of this work by awarding him its 
Fellowship. In 1943, he received the Institute’s Plati- 
num Medal, awarded annually © for outstanding services 
to non-ferrous metallurgy.” He has represented the 
Institute and the British Non-Ferrous Metals 
Research Association on the executive of the Parlia- 
mentary and Scientific Committee. 

His many frends will wish him many years of happi- 
ness in his retirement, but we are inclined to believe 
that Dr. Moore will continue to take an active interest 
in all that appertains to metallurgical research, 


a lso 
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The Spectroscope Facilitates 
Metal Analysis 


RADITIONAL chemical methods of analysing 
| metals and alloys are gradually yielding to the 
more modern spectrographic technique, although 
the trend is generally slower in this country than else. 
where. The saving in time and manpower in the war 
industries using metals, however, have made the spectro- 
graphic method more suitable for wartime demands ; it 
has provided a speedier and less costly procedure to 
analyse metals. It is noteworthy that the spectroscope, 
which decomposes a beam of light, or radiant energy, 
into its constituents, has solved many problems created 
by war activities, and its application is now standard 
for aluminium and magnesium alloys and many steels, 
The method can accomplish an accurate analysis, in 
many instances, where chemical methods are not 
sufficient ; it is interesting, therefore, to refer briefly 
to some typical examples. 

It has been established that the presence of about 
two-hundredths of 1°, of tin as a constituent is harmful 
for many steels. With the increased use of scrap metal, 
such a tin content is not uncommon. A _ ehemical 
analysis to determine the tin content requires about 
eight hours, while an analysis by the spectrographic 
method, using modern technique, is made in less 
than 10 mins., and it can be made while the furnace is 
waiting. 

A calcium content of about one-tenth of 1% destroys 
the usefulness of many magnesium alloys. Because of 
the great chemical similarity of calcium and magnesium, 
there is no chemical method by which such small amounts 
of caleium can be detected, but the spectrograph 
accomplishes this without difficulty. Many more 
similar cases might be cited which show that war 
production has been facilitated by the use of spectro- 
graphic methods of analysis. 

Urgent demands made by war conditions have 
brought to light some reasons for the inadequacy of 
chemical methods of analysis for metal production. Of 
these mention may be made of the fact that chemical 
analysis may be time-consuming and therefore require 
more manpower than is available with the expanded 
war activities. There has been, and is, a greater need 
to use new raw materials or scrap, which may contain 
minor harmful constituents, necessitating a routine 
analysis for new constituents. Often a chemical analysis 
for such materials is very laborious or is not practicable. 
In some cases important impurities are present in such 
small amounts that they cannot conveniently be detected 
by chemical methods. 

According to Dr. G. H. Dicke, Professor of Physics at 
Johns Hopkins University, who has carried out much 
research to bring spectrographic analysis to its present 
usefulness in the analysis of metals, spectrographic 
methods are relatively new and fairly complicated in 
their general background. They can, however, be 
systematised, so that they can be used by relatively 
unskilled workers. This presupposes that the methods 
have beer. worked out in a research laboratory with a 
specially trained staff and the various possibilities and 
sources of error investigated in every case. Such a 
procedure will save a great deal of personnel, especially 
persons with specialised training who are almost un- 
obtainable at present. 
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British Metallurgical Institutes and 


Research Associations 
By J. W. Donaldson, D.Sc. 


One of the main factors responsible for developments in industry is that of research, and 
during the last few decades developments in practically every industry are directly traceable 


to results achieved as a result of careful investigations. 


Both pure and applied research 


work have contributed to the general improvement in methods of production and quality of 

products. Here is given a general résumé of the work of the institutes and research associa- 

tions directly connected with metallurgical research work, and brief reference is made to 
some of the work carried out. 


only in the metallurgical industries both ferrous 

and non-ferrous, but in all industries during the 
last 25 to 30 years, have shown one remarkable feature, 
and that is the extent to which such industries have 
relied upon the results obtained from research. The 
research work carried out has been both pure and 
applied, but whether it has been, an investigation, of first 
principles or ar. applicatior. of the results obtained along 
special lines, both have been of the greatest value when 
correlated in. improving methods of production and 
better products in all industries. With regard to applied 
research, there has been an increasing tendency during 
recent years to develop more and more field research 
work or research carried out under service conditions 
with normal plant apd materials in preference to purely 
laboratory research. 

In Britain, scientific and industrial research is carried 
out or. a national basis under the auspices of the Depart- 
ment of Scientific and Industrial Research established 
in 1917. This Department administers funds which are 
used for the maintenance of certain national research 
establishments and in making grants to some twenty 
industrial research associations, three of which are 
definitely metallurgical and ore or two allied to metal- 
lurgy. Metallurgical research or a national basis is 
carried out in the Metallurgical Department of the 
National Physical Laboratory. A considerable amount 
of metallurgical research is also carried out in the 
Research Departmerts of certain, Government depart- 
ments, such as at Woolwich ard the Royal Aircraft 
Factory, ir, the laboratories of private firms and metal cor- 
porations, as well as in universities and technica, colleges. 

Research work, whether it is of a fundamental and 
scientific nature as carried out by the various research 
associations or in the research laboratories of Govern- 
ment departments or establishments, metal corporations, 
private firms or universities, by trained research staffs 
or individual workers, or whether it is applied research 
carried out in the works of interested firms or or. the 
field scale urder the auspices of practical research com- 
mittees, has got to be made available for industry as a 
whole if progress is to be made and maintained ard if 
value is to be obtained for the time and morey spert 
om such work. The publication of such information is 
therefore one of the principal furctions of the various 
scientific institutes and societies, and so far as metallurgy 
is concerned, is fulfilled ir. whole by the Iror ard Steel 
Institute, Institute of Metals, Institute of British 


D0 ents ir the meta which have taken place, not 


Foundrymen and in part by the Faraday Society and the 
Institution, of Mining and Metallurgy. 


Iron and Steel. 

The Iron and Steel Industrial Research Council was, 
until recently, the research association of the iron and 
steel industry recognised by the Department of Scientific 
and Industrial Research, and this Council developed a 
system of research with a view to facilitating the increase 
of basic scientific and technical knowledge necessary to 
the industry. The work of the Council was carried out by 
a group of some twenty-three research committees, 
sub-committees and panels of the Iron and Steel Institute 
and the British Iron and Steel Federation. The Research 
Council, which was responsible for the general direction 
of the various research committees and which was the 
channel through which they were financed, differed from 
a typical Research Association in that it did not maintain 
a separate research station or laboratory, but had its 
programme of research carried out almost entirely in, 
laboratories in, the industry or in non-industrial labora- 
tories, such as the National Physical Laboratory, 
Government laboratories, other research stations or in 
universities, etc. In addition to the Joint and Technical 
Research Committees of the Iron and Steel Institute, 
certair, other groups of research committees were also 
directly resporsible to the Research Council. 

The initiative in organising co-operative research in 
the iron and steel industry was taken by the Iron and 
Steel Industry in 1917, when five research committees 
were set up. .Four of these dealing with iron and steel 
works practice, after producing a number of reports 
and papers which were published in the Journal of the 
Institute, ceased to exist in 1921. Six years later another 
attempt was made by the Institute to establish co- 
operative research on a wider basis by the formation of 
four new committees covering the four main processes 
of manufacture, coke-oven, blast-furnace, steel furnace 
and rolling mill plant and practice. These four com- 
mittees and the Committee on Metallography, formed in 
1921, were dissolved two years later on the formation 
of the Iron and Steel Industrial Research Council, which 
at the same time absorbed the Fuel Economy Committee 
of the British Iron and Steel Federation. 

On the formation of the Research Council, ar, informal 
division of resporsibility between the Institute and the 
Federation, in organising research committees was 
adopted, those dealing with the processes of manufacture 
and the technique of production being organised by the 
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Federation and those dealing more specifically with the 
product and with problems of a fundamental or scientific 
nature being organised by the Institute. The four Joint 
Research Committees of the Institute were :—The 
Committee on the Heterogeneity of Steel Ingots, the 
Alloy Steels Research Committee, the Steel Castings 
Research Committee, and the Corrosion Committee. 
The Open-hearth and Blast-furnace Committees, the 
Rolling Mill Committee, and a series of regional Coke 
Committees were set up by the Federation. 

The work of these various research committees has 
been published in a series of special reports issued by 
the Iron and Steel Institute, and in a number of papers 
in the Journal of the Institute. A review of the work 
of the four main research committees, covering the 
period 1924-1943, was published recently in the Iron 
and Steel Special Report No. 29. 

During the present year, as a result of a report on the 
work of the Industrial Research Council by the Depart- 
ment of Scientific and Industrial Research, the British 
Iron and Steel Federation has approved a scheme for 
the formation of a new organisation, the British [ron 
and Steel Research Association, which will take over 
the work of the Research Council. The constitution of 
the new Association provides for collaboration with the 
Iron and Steel Institute with the right of nomination 
of members of the Council of the new Association, and 
those nominated will be scientists not connected with 
the industry, but engaged in fields of work related to 
the work of the Association, while the Iron and Steel 
Federation will nominate members who will represent 
the different departments of the industry, scientific, 
technological and management. The new scheme pro- 


vides for an annual expenditure for any amount which 


the Council of the Research Association may find necess- 
ary for the work required, and authority has been given to 
the Association to expend in the first instance £250,000 
annually, without further reference to the Federation. 

The Iron and Steel Institute, besides issuing the 
special research reports referred to, also publishes 
investigations carried out in the industrial research 
laboratories of the industry and in the universities and 
technical colleges, and also researches carried out by 
foreign scientists and technical investigators. A monthly 
bulletin, forming part of the Journal of the Institution, 
is also issued with the co-operation of the Lron and Steel 
Federation, in which a survey of current literature 
covering all branches of the industry is made. 


Non-Ferrous Metals. 

In 1910, the Institute of Metals, founded two years 
previously to provide means for the advancement of 
knowledge relating to non-ferrous metals and their alloys, 
set up a Corrosion, Research Committee to investigate the 
corrosion of condenser tubes by sea-water. This Com- 
mittee was reconstituted in 1917, representatives of 
Government departments, public bodies, societies and 
institutions being added. In this vear also a Committee 
was set up by the Institute and the British Allied and 
Electrical Manufacturers’ Association to investigate 
condenser tube corrosion by fresh water, while in the 
following vear a third Committee, the Atmospheric 
Corrosion Committee, was formed by the Institute with 
various trade associations to study the corrosion of non- 
ferrous metals by the atmosphere. In 1920, the control 
of the last-named Committee was transferred to the 


newly formed British Non-Ferrous Metals Research 
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Association. During the same year an Aluminium 
Corrosion Sub-Committee of the Corrosion Committee 
was formed by the Institute in conjunction with various 
Government departments. 

The work of the Corrosion Committee of the Institute 
of Metals was reorganised in 1924, when the Department 
of Scientific and Industrial Research became responsible 
for the purely scientific investigations of corrosion 
phenomena, while the Institute continued technical 
work in connection with condenser tube corrosion and 
to a large extent solved the problem of such corrosion 
by the development of cupro-nickel and aluminium-brass 
tubes. At the same time the work of the Aluminium 
Corrosion Sub-Committee was wound up. From its 
inception in 1910 up to 1928, the Corrosion Committee 
published eight reports dealing with condenser tube 
corrosion, which were of considerable value to users of 
such products. In 1929, the work of the Corrosion Com. 
mittee was transferred from the Institute of Metals to 
the Non-Ferrous Metals Research Association. 

The British Non-Ferrous Metals Research Association, 
which was formed after the last war, includes in, its 
membership producers of aluminium, copper, lead, 
nickel, tin, zine, ete., manufacturers of plate, bar, tube 
and wire, etc., together with nine trade associations, 
and those interests jointly control and support research 
for the non-ferrous industries generally, research which 
is carried out by a highly trained staff. It has been 
stated recently* that nearly fifty major researches have 
been completed and about twenty were in progress at the 
outbreak of war, and that almost all of these have one 
or another of the following objects :— 

(1) Prevention of troubles arising in melting and 
casting (cavities due to shrinkage or gas, segre- 
gation, cracking, etc.). 

(2) Improvements in methods of working (e.g., surface 
quality). 

(3) Production of materials with special properties for 
particular purposes (e.g., cable sheathing 
resistant to fatigue). 

(4) Improvements in resistance of materials to 
corrosion and to oxidation at high temperatures, 
including non-ferrous metals and alloys used as 
protective coatings on steel, ete. 

(5) Improvements in the joining of metals (by welding, 
soldering, etc.). 

(6) Investigations of impurities as regards— 

(a) their effects. 
(b) permissible limits, and 
(c) removal. 

(7) Improvements of methods of testing, examination 
and analysis. 

Besides carrying out a large programme of research 
work, the Association’s information service supplies 
members with scientific and technical matter of interest 
published in the world in the non-ferrous field, and the 
Association's development series assists members in 
applying the results of the Association’s researches and 
in solving their immediate manufacturing problems. 
The technical inquiry service of the Association also 
answers the questions of members and _ investigates 
points raised by them in connection with the manufacture 
or use of non-ferrous metals, such questions being dealt 
with by the specialist staff. 

Some of the investigations of the Non-Ferrous Metals 
Research Association are published in the Journal of the 


* H. Moore, Jowr, Inst. Metals, 1943, vol. 69, pp. 99 and 100, 
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Institute of Metals. The Journal also publishes investiga- 
tions carried out by Government departments, industrial 
establishments and corporations, universities, and by 
foreign research workers, as well as a monthly series of 
abstracts covering the whole field of non-ferrous metals 
and alloys so far as casting, constitution, properties, 
working and uses are concerned. 

Other investigations of interest to users of non-ferrous 
metals and alloys are those carried out by the Non- 
Ferrous Sub-Committee of the Technical Committee 
of the Institute of British Foundrymen. This Com- 
mittee among other work has investigated methods of 
casting separate test bars, and agreement has been 
reached with regard to test-bars in two sizes, and further 
work is being carried out. Work by this Committee 
also on two gunmetals and three leaded phosphor 
bronzes has led to such alloys being included in British 
Standard Specifications. 

Cast Iron 

Researches in cast iron are principally carried out by 
the British (ast Iron Research Association, formed in 
1920. This esearch Association has an ordinary and 
trade membership of over 400, representing large and 
small firms engaged in the industry as well as many 
other firms in engineering and allied industries. The 
organisation, and method of working this Association is 
very similar to that of the Non-Ferrous Metals Research 
Association. Research is directed by a Research Council 
supervising a number of sub-committees dealing with 
sands and refractories, grey iron, nickel and alloy cast 
iron, malleable cast iron, tests and _ specifications, 
melting practice, pig iron and white and chilled irons. 
These sub-committees, besides directing the researches 
carried out, provide industrial contacts which help in 
solving many problems. 

A large number of researches has been completed by 
the Association and many are in progress dealing with 
such aspects of cast irons as the formation of graphite, 
shrinkage and contraction, cupola melting practice, 
moulding sands and refractories, development of high 
duty and alloy cast irons, the strength of cast iron in 
relation to design, the testing of cast iron, ingot moulds, 
the enamelling of cast iron and the welding of cast iron. 
These investigations have been of considerable value to 
the foundry industry in the development of new melting 
methods and in the solution of melting, casting and 
moulding problems resulting in improvements in iron 
castings and foundry technique and to engineers and 
other users of cast iron, in the development of new high- 
duty and heat-resisting irons. 

The results of the investigations carried out by the 
Association, are issued to members in a series of research 
reports. Bureau reports and translations dealing with 
cast iron are also published, and there is an Information, 
and Development Department by means of which 
members are assisted in dealing with their foundry and 
other problems and in the application of ¢ast iron to 
industrial and service uses. The Association also main- 
tains close co-operation with the Institute of British 
Foundrymen. 

In addition to the Non-Ferrous Sub-Committee of the 
Technical Committee of the Institute of British Foundry- 
men referred to, investigations are also carried out by 
cast iron, malleable cast iron, steel castings, melting 
furnace, sands, refractory and casting sub-committees. 
Reports on the work of these sub-committees have been 
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published from time to time in the Proceedings of the 
Institute and have dealt with the routine methods of 
testing green sands; tolerances and dimensions of 
malleable castings ; porosity, strength and contraction 
of grey cast iron; and types of melting furnaces for 
casting iron. The Cast Iron Sub-Committee and the 
Malleable Iron Sub-Committee have also co-operated 
with the British Standards Institution in revising and 
preparing new specifications for cast iron and malleable 
cast iron, and the former sub-committee, in co-operation 
with the British Cast Iron Research Association, have 
issued two booklets of typical microstructures of cast 
iron, including malleable cast iron. 


Allied Research Associations and Institutes. 

Research work of a metallurgical nature and of value 
to metallurgists is also carried out by certain allied 
research associations. Among these might be mentioned 
the British Refractories Research Association, whose 
investigations deal with all classes of firebricks and 
refractories, the Welding Research Council responsible 
for research on welding problems on a large scale relating 
mainly to steel, and the various Coal and Coke Research 
Associations. Metallurgical research is also carried out 
from time to time in chemical research and physical 
laboratories of allied industries and in the laboratories of 
the British Electrical and Allied Industries Research 
Association. 

Institutes and Societies interested in metallurgy to a 
greater or less extent are the Institute of Mining and 
Metallurgy which deals not only with the practice of 
mining in, respect of minerals other than coal, but also 
of metallurgy in, respect of metals other than iron: the 
Faraday Society formed to promote the study of pure and 
applied electrochemistry, electrometallurgy, physical 
chemistry and metallography, and which has organised 
some interesting and valuable symposiums relating to 
metals and alloys ; and the Institute of Physics. 

British Metallurgical Research Associations and 
Institutes also co-operate in the work of the British 
Standards Institution. The Iron and Steel Institute, 
the Iron and Steel Industrial Research Council, the 
Institute of British Foundrymen, and the British Cast 
Iron Research Association, are members of the Iron, and 
Steel Industry Committee of the Institution, under which 
British standards relating to ferrous metals and alloys 
are prepared. Similarly, the Institute of Metals, the 
Institute of British Foundrymen, and the British Non- 
Ferrous Metals Research Association, are members of the 
Non-Ferrous Metals Industry Committee of the Institu- 
tion which supervises British standards relating to non- 
ferrous metals and alloys. Standards have been prepared 
by those Committees for all classes of metals and alloys, 
standards which have been of considerable practical 
value to engineers and all other users of such materials. 

During the war these two Committees of the Institu- 
tion have been active in co-operation with the Ministry 
of Supply in preparing war emergency specifications, 
such as those on wrought steels, en series, and copper 
alloys and ingot castings. The two Committees have also 
prepared and issued two useful summaries of British 
and American Standard Specifications, one for iron and 
steel and the other for non-ferrous metals and alloys. 
The Non-Ferrous Research Association, has given much 
assistance in the preparation, of the Services Schedule of 
Non-Ferrous Metals and Alloys for Armaments and 
General Engineering Purposes, BS/STA 7, carried out 








with a view to rationalising the whole field of non-ferrous 
metals and alloys, and the British Standards Institution 
have issued for the Technical Advisory Committee of the 
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Special and Alloy Steels Committee of the Ministry of 
Supply a schedule, BS 971, rationalising carbon and 
alloy steels. 


The British Refractories Research Association 
Its Work for the Metallurgical Industries 


In the preceding article brief reference is made to the work of the above Association, it 
is believed, however, that more information regarding this Association and its work for the 
metallurgical industries will be appreciated by readers, especially those who, in recent 
years, have come to realise the importance of suitable refractory materials in recent years. 


ETALLURGICAL processes are, in. general, de- 
M pendent on the effective use of heat ; such 
processes are therefore based ultimately 
on furnaces. The efficiency and performance of these 
furnaces is, in large measure, determined by the effective 
use of refractory materials. It follows that the British 
Refractories Research Association is very closely linked 
with the metal industry in, its many branches. The 
dependence of the metallurgical industry of the country 
on the availability of an adequate supply of suitable 
refractory materials became more fully appreciated 
during the war of 1914-18, and, as a result, the British 
Refractories Research Association, was founded early in 
1920; this was one of the first research associations to 
be formed under the aegis of the Department of Scien- 
tific and Industrial Research. 
The research laboratories, situated in, Stoke-on-Trent, 


are known as the Mellor Laboratories in, recognition, of 


the debt owed to Dr. J. W. Mellor, F.R.S., C.B.E., the 
first Director of Research. In 1937, Mr. A. T. Green, 
who had been Assistant Director since 1932, succeeded 
Dr. Mellor as Director of Research. Extensions to the 
laboratories have been made from time to time, and they 
now include a physical section which deals wi‘ h the more 
fundamental properties of clay, chemical laboratories, 
petrological and X-ray laboratories, and other sections 
in which subjects of a more specialised nature are 
examined. These latter include the study of basic re- 
fractories, insulating refractories, high-temperature 
jointing cements, and other types of refractory material. 
In addition, the Luildings include a fuel section, general 
testing laporatory, furnace rooms, miniature plant and 
a workshop. The Library, Information Department and 
Offices are adjacent to the laboratories. 

The original programme of work, adopted in 1920, 
was very embracing. The uses to which refractory 
materials are put are varied in the extreme and in 
addition to covering all such usage the Association must 
compromise between its roles as servant to the user and 
to the menufacturer. Hence much of the research 
which has been carried out has dealt with the production 


of improved types of refractory, but the properties of 


these products have had to be considered in the light 
of service conditions. 
intrinsic properties of firebricks and silica bricks such 
as thermal conductivity, refractoriness and refractori- 
ness-under-load, spalling resistance, gas permeability, 
slag resistance, ete. This information then formed a 
basis on which to carry out work of closer application 
tothe user. This latter type of investigation has involved 
plant work on blast furnaces, steel furnaces, carbonising 


Initially, studies were made of 


plants and other high temperature installations. Since 
the outbreak of war the programme has, of course, been 
in some measure revised to include investigations made 
urgent by current conditions. In particular, an intensive 
study has been made of the constitution of basic refrac- 
tories, a term intended to cover such materials as 
magnesite, dolomite and chrome-magnesite products. 
Basic refractories may contain a number of minerals ; 
these have been synthesised and their properties and 
equilibrium relationships have been studied. This work 
has thrown considerable light on certain features of the 
behaviour of these refractories in metallurgical furnaces. 

The Association works in close collaboration with 
the industries concerned, usually through representative 
committees. Investigations for the iron and steel in- 
dustry have been co-ordinated by a Joint Refractories 
Research Committee of the Association and the Iron and 
Steel Industrial Research Council (British Iron and Steel 
Federation). This Joint Committee has two panels, 
devoted respectively to the blast. furnace and_ steel- 
works sections of the industry. Sub-committees deal 
with work on basic refractories, casting-pit refractories, 
and electric furnace refractories. Similar joint com- 
mittees are in existence to give preliminary discussion 
to reports relating to refractories in the carbonising and 
pottery industries. In addition to these committees, 
the B.R.R.A. has organised a committee which devotes 
its attention to the methods of testing refractory 
materials ; as a result of its work, standard methods of 
testing are now widely adopted to the general benefit 
of the industry. 

An important function of these technical committees 
has been to foster a co-operative spirit between manu- 
facturer, user and research worker. This spirit has grown 
considerably during the past five years, and, in conse- 
quence, much has been achieved which could not other- 
wise have been contemplated. A striking example of 
this achievement is the detailed study carried out in 
1940 on an open-hearth furnace roof. Every effort was 
made to give this work a comprehensive character; 4 
manufacturer represented on the Panel agreed to make 
the silica roof bricks and to give complete data on the 
methods and materials used; one of the steel-plants 
represented placed a furnace at the disposal of the Panel, 
installed pyrometers, and assisted in the observational 
work ; and, finally, samples taken from the roof at the 
end of the furnace campaign were tested by the B.R.R.A., 
the manufacturer and the user. This is not an isolated 
example of the new spirit of co-operation, for plant work 
of a similar nature has also been, undertaken elsewhere. 
Co-operative effort has assumed a different form in the 
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study of alternative sources of basic raw materials for 
the manufacture of magnesite and chrome magnesite 
bricks. In this field, which acquired particular import- 
ance in the early stages of the war, the research com- 
mittees played a useful role, the manufacturers, users 
andthe B.R.R.A. co-operating in seeking a fuller under- 
standing of the properties and methods of utilisation 
of such alternative raw materials as became available. 

As has already been indicated, the programme of work 
drawn up by the B.R.R.A. when it was formed was very 
extensive. Much of the general programme has now 
been completed, although most items of research, in 
whatever field of science they are pursued, usually open 
up fresh avenues for study. The programme originally 
sketched out for the iron and steel, and for the car- 
bonising industries (the two largest consumers), have 
likewise largely been completed and have been replaced 
by fresh programmes. The results of the Association’s 
work are published in a confidential Bulletin, which 
appears three or four times a year. During the last 
twenty years nearly seventy bulletins have been issued, 
and these have contained four hundred and fifty research 
papers. Many of these papers have later been reprinted 
in the Transactions of the British Ceramic Society, as 
special reports of the Ironand Steel Institute, in the Tran- 


METALLURGIA 255 


sactions of the Institution of Gas Engineers, or elsewhere. 

In addition to research data, industry frequently calls 
for quick answers to its day to day problems. This 
phase of the Association’s work has expanded con- 
siderably and is dealt with by an Information Depart- 
ment, which draws on the technical experience of the 
research staff and on the world’s stock of knowledge, 
made available through a specialised library and ex- 
tensive card index system. This department is also 
responsible for the abstracting and translation services 
available to members. 

The work of the B.R.R.A. and of other similar 
Associations, has been modified by the exigencies of war. 
In the early war-period the supply of alternative types 
and varieties of raw materials for the production of 
basic refractories had to be given immediate attention. 
A big programme of work on basic refractories was 
planned and some of the results obtained can be read 
in the Second Report on Refractory Materials published 
by the Iron and Steel Institute in 1942. Increased 
attention has also been focused on fuel economy and 
the related problem of heat insulation. In the post-war 
era, The British Refractories Research Association 
plans to increase its work in specialised fields and yet 
to maintain its programme of fundamental research. 


Steel Plant Refractories 


TECHNICAL work on the above subject is in 
A the hands of the printer and is expected to be 

published in December this year. The author is 
Dr. J. H. Chesters, of Central Research Department, 
United Steel Companies, Ltd., and in view of the great 
importance of this book, United Steel Companies, Ltd., 
have undertaken the publication because it is felt that 
this can be done at a price which will enable it to reach 
the hands of research workers and others interested in 
the subject. 

We believe that this book will be the first to be 
devoted entirely to steelworks refractories, it will, 
therefore, be of special interest both to metallurgists and 
to manufacturers of refractories. As readers will 
appreciate, in view of paper restriction, the first edition 
will be very limited in numbers and this preliminary 
notice is given to enable interested readers to make an 
early application for a copy of the book. 

Steel plants throughout the world are beginning to 
realise that refractories, over which they have at present 
so little control, are among the major items in the cost 
of making steel, but very few of them have yet started 
refractories research laboratories. The Central Research 
Department of the United Steel Companies, Ltd., 
started such a department in 1934, and the results of 
their laboratory work and plant investigations are given 
in this book, together with the fundamental data on 
oxide systems, etc., needed by the steel plant engineer. 
Thus, detailed information is given as to the best 
refractories to use in the numerous positions on the 
Whole range of steel-plant furnaces, the life that can be 
expected, the usual causes of failure and possible lines 
of improvement. 

The book is divided into three main sections dealing 
with testing materials, furnaces and casting-pit respec- 
tively. In addition, there are extensive appendices, 


Chapter I discusses the methods used in testing refrac- 
tories in Great Britain and in America, and also contains 
a simplified description of the application of statistical 
methods—e.g., quality control charts, correlation co- 
efficients, etc., to test data. Chapters II to VII are 
concerned with silica, magnesite, dolomite, chrome and 
chrome-magnesite, alumino-silicates, and insulation. 
These chapters include fundamental data on pure 
oxides and oxide systems, commercial raw materials, 
methods of brick and clinker manufacture, brick pro- 
perties and applications. The latter are limited to those 
aspects not dealt with under furnaces and casting-pit. 

Chapters VIII to XIV are concerned with basic 
open-hearth and acid open-hearth furnaces, acid and 
basic Bessemer, electric steel-plant, soaking pits and 
reheating furnaces, and casting-pit. Each type of 
furnace is considered from this standpoint of con- 
struction, choice of refractories, life and causes of 
failure and future lines of development. 

A bibliography of about 100 carefully chosen references 
is appended at the end of each chapter for those who 
wish to pursue further any particular aspect of the 
subject. In the 21 appendices are given the data that 
the refractories engineer continually requires. Large 
tables are included, giving the properties of minerals 
found in refractories and slags, and also the properties 
of typical range of refractory bricks and insulation. 
Author and subject indexes are included. 

The book will contain about 400 pages of text and 
over 200 illustrations. The printed size is 9 in. x 6 in., 
and in view of the fact that it will be regarded as a 
standard work on the subject, every effort is being made 
to present it in a first-class form. The approximate 
cost of each copy is 36s., and those desiring copies are 
advised to make early application to the United Steel 
Companies, Ltd., 17, Westbourne Road, Sheffield, 10. 





256 


METALLURGIA 





SEPTEMBER, 1944 


Developments in the Design and Use 


of Side-Blown Converter Plants 
By P. C. Fassotte 


(Iron and Steel Control). 


A shortage of hematite iron at the time when new converter plants had to be erected led to 
a reassessment of the relative importance of the silicon and carbon reactions in the process. 
It was established that the carbon reaction could be relied upon principally to produce the 


final steel temperature. 


Plants were therefore built in such a way that silicon could be 


reduced with the concomitant elimination of hematite from the cupola charge. The operation 

of such a plant is discussed in this paper,* which was presented at a recent joint meeting 

of the Iron and Steel Institute and of the Sheffield Branch of the Institute of British Foundry- 
men, held in Sheffield. 


HE manufacture of steel castings is one of the 
} sections of the steel industry which has required 
considerable expansion during the war and this 
has entailed the erection of a number of new plants. 
Some of them have been equipped with electric furnaces 
but for reasons beyond the scope of this paper others 
have been provided with converter plants. At the time 
when this development was planned the supply of ores 
suitable for the manufacture of hematite irons suddenly 
became precarious, and it was therefore necessary not 
only to economise in the use of hematite iron, but also 
to explore unorthodox methods of steel production. 
More than half the steel used in British foundries 
before the war was produced in converters. The ratio 
of scrap to pig iron used in the various plants differed 
widely, depending on the location of the foundry and the 
construction of the unit; it averaged about 50% 
throughout the country. On account of its moderate 
cost, haematite iron was used liberally and in most plants 
was relied upon exclusively to produce the silicon 
content aimed at in the iron. This silicon content also 
varied considerably, but the average was about 1-5°%,. 


Experiments on the Relative Importance of the 
Silicon Reaction 

Years of converter use had crystallised the opinion 
that molten iron had to contain 1-3°, or more silicon 
for successful operation of the process. It was generally 
regarded as fundamental that the exothermic reaction 
of silicon and oxygen was the main determinant of the 
final steel temperature and that, therefore, this reaction, 
credited with a heat value of some 7,000 kg. cal., could 
not be dispensed with in converter operation. The carbon 
reaction was discounted as a heat producer owing to the 
belief, fostered by the textbooks, that most of the carbon 
was burned into carbon monoxide, a reaction yielding 
only 2,430 kg. eal. and negative from a heat-increment 
point of view. Little notice was taken of the carbon- 
dioxide reaction, yielding 8,100 kg. cal., as this reaction 
was not considered to take place to an appreciable degree. 

These beliefs had become deeply rooted and almost 


axiomatic. Yet observations made of a large number of 


plants operated in widely varying conditions and in 
different countries had thrown doubt on these accepted 
theories. Whereas some side-blown converters were 
being operated with silicon up to 2°,, others had been 
June, 1944, 


* Iron and Steel Institute, Advance copy, 


known to work with irons containing only 0-5-0-7°% of 
silicon and yet produce steel sufficiently hot to make 
small and intricate castings. There was a strong 
suspicion, therefore, that too much stress had been laid 
on the significance of the silicon reaction. The following 
experiments were accordingly planned in order to 
ascertain its true importance :— 

(1) A charge of normal cupola iron (carbon 3-2°,, 
silicon 1-3° and manganese 0-5°,) was introduced 
into a converter and blown in the ordinary way. 
When the carbon flame appeared the blow was 
stopped and the metal poured into a ladle. The 
temperature of the metal was then 1,535° C., and 
the analysis 2-7°%, of carbon, 0- 15% of silicon, and 
0-14°% of manganese. The metal was cooled in the 
ladle and poured back into the converter when the 
temperature had dropped to 1,435°C. The blast 
was put on again and the blow proceeded normally 
despite the disappearance of the silicon. The 
ultimate temperature of the steel was 1,650° C., an 
increment of 195° C. 

(2) A charge of low-silicon iron (carbon 3-2°,, 
silicon 0-21°% and manganese 0-3°,) melted in an 
electric furnace was introduced into a converter at a 
temperature of 1,385° C. The blow was normal, and 
the final steel temperature was 1,590° C., an incre- 
ment of 205° C 

(3) A charge of low-silicon iron melted in an 
electric furnace (carbon 3-26°%, silicon 0-17% and 
manganese 0- 18°) was introduced into a converter 
at 1,440°C. and blown into steel with a final 
temperature of 1,630° C., an increment of 190° C. 

TABLE I. 
ANALYSES OF GASES ESCAPING FROM THE CONVERTER 


Samples taken Yin. from nose end. 


First Heat. Third Heat. 


Second Heat. 


Weight of charge, ewt. .. 75 65 65 
Silicon content, | ..... 0-18 0-32 0-6 
Duration of blow, mins. . lz 12 17 
Gas analyses after min. : l. 5 & | 2d. 7 11 1 7. I. 
Carbon dioxide, % .....| 4°0 9-8 12-8/12-0 12-2) 4-2) 4-2 10-00 9-8 
Camm, DG ccaccccesc 10 2-6 2-8) 2-4 0-9 10-2) 5-6 i-4 0 
Carbon monoxide, %, . *2 0-2 0-2) 0-2 Nil Nil | 0-1 O-1L Nil 
Nitrogen, % ...0... 85-4 87-4 B42 85-4 86-9 85-690-L 85-5 NO? 


Blast volume, cub, ft. per 
mun. . 


#200 4200 «4000 4300) «4500 1500 4200 4200 4200 


In view of the small amount of silicon contained in 
the irons used in these experiments, the temperature 
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increments could only be explained by the fact that the 
carbon combustion was essentially a carbon-dioxide 
reaction. In this respect, the side-blown converter 
appears to work differently from the bottom blown 
type, where the passage of gases through layers of metal 
rich in carbon favours the production of carbon monoxide. 
The gases escaping from the side-blown converter were 
analysed, and Table I gives the results. The gas samples 
were taken some 9 in. below the exit of the converter. 
Another series of samples were taken by drilling a 
hole in the converter body and through the lining, at a 
point 4 ft. above the tuyeres. Table II gives the analyses 


of these samples. 
TABLE It. 


ANALYSES OF THE CONVERTER GASES 4Fr. ABOVE THE TUYERES. 


— —— 7 a - -- 














! 
First Heat, | Second Heat. Third Heat, 
Weight of charge,| a = ; 
GIR. ccccveceses | 56 56 60 
Carbon content, % | 2-92 j 3-14 2-98 
Silicon content, % | 0-46 0-31 0-66 
Duration of blow, | | | 
SE sxsnsacces | 13 | 11 | ll 
| | | 
Gas analyses after} | 
min. : 3. 6. 10. | 3. 6. 11, | 1. 4. 8. 10}. 
Carbon dioxide, %..] 4-0 6-2 14-2] 8-0 6-6 10-8] 6-4 12-0 12-8 12-4 
Oxygen, % ...../10°6 3-0 1-6) O-8 4-2 0-4) 0-3 0-1 Nil 0-6 
Carbon monoxide, 
TD cassecucees 1-0 0-4 2-6) O-8 O-4 1-4) 0-9 0-7 0-2 0-1 
Nitrogen, % ..../84-4 90-4 81-°6/90-4 88-8 87-4/92-4 87-2 87-0 86-9 
| 
Blast volume, cub!, 


piaciaciiaan cael 3000 3000/8580 3050 — 2900 2900 2900 


Attempts were also made to analyse the gases at a 
point a few inches above the tuyeres, but these were 
abortive as the aperture was quickly blocked by pro- 
jections. 

Gas analyses were also taken in other plants. They 
generally confirmed that carbon dioxide is overwhelm- 
ingly prevalent. Yet under certain working conditions 
appreciable quantities of carbon monoxide can be present 
in the exit gases and this feature has been observed 
particularly where the blowers are under-sized. 

The function of the silicon reaction now appeared in 
its true perspective. It is essentially a kindling agent. 
Its principal purpose in side-blown converter practice 
is to make up the difference between the temperature 
of the iron introduced into the converter and the 
temperature at which the carbon reaction starts freely. 


Conclusions from Experimental Data 


The experimental work warranted the following con- 
clusions :— 

(a) In the side-blown converter the bulk of the 
carbon is transformed into carbon dioxide, pro- 
vided that there is adequate blast volume. 

(6) Irons containing from 2-7°% of carbon up- 
wards, with only a negligible silicon content, can 
produce a temperature increment of over 200° C. 

(c) The carbon-dioxide reaction is capable of 
making up the difference between an iron tempera- 
ture of, say, 1,450°C. and the steel temperature 
required by the steel foundry. 

(d) Silicon in the iron can be dispensed with, 
provided that the metal is sufficiently hot at the 
commencement of the blow. 

It is a well-known fact that the affinity of carbon for 
Oxygen increases with temperature and becomes par- 
ticularly pronounced at temperatures exceeding 1,450° C. 
If, therefore, iron were supplied to the converter 
sufficiently hot for the carbon reaction to start imme- 
diately, then silicon could be dispensed with, with the 
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concomitant elimination of the hematite and ferro-silicon 
from the cupola charges. It became a matter of sub- 
stituting for heat chemically produced in the converter 
by the silicon combustion, heat physically imparted to 
the iron prior to the conversion process. To achieve this 
end a furnace had to be introduced between the cupola 
and converter in which the iron could be brought up to 
the temperature at which the carbon reaction starts. If 
large enough, such a furnace would also act as a mixer 
and reservoir for hot metal, which would make it possible 
to operate the cupola independently of fluctuations in 
the demand for steel and to secure greater uniformity 
in the iron and efficiency in the converter operation. 
Plants were designed on the above lines and Fig. 1 
shows the general arrangement of such a plant. The 
ensuing remarks apply to this plant specifically. 


Description and Operation of the Side-Blown 
Converter Plant 

In designing the cupolas care was taken to provide 
them with deep wells in order to favour carbon pick-up, 
as the charges were to be composed of steel scrap only. 
The metal produced by the cupolas has approximately 
the following composition :— 
Silicon, Manganese, Sulphur, 


{ Carbon, Phosphorus, 
o o 


/o: Jo o> 
2-7-3°2  .. 0-05-0-2 oe O-3-0-7 


After it has been desulphurised the iron is transferred 
to the mixer, the temperature being 1,280°-1,380° C. 

The rotary mixers have a nominal capacity of 12 
tons, but may reach 25 tons, depending on the degree 
of wear of the linings. They are fired by anthracite, and 
the calorific input is such that the iron can be raised to 
the required temperature at the rate of 17-18 tons per 
hour. The fuel consumption is 80 lb. per ton of metal. 
After it has been superheated, the iron is transferred to 
the converters in batches of 56-70 ewt. The mixer is 
continually being refilled by desulphurised cupola metal, 
usually in lots of 5 tons. 

The silicon content in the metal charged into the con- 
verter approximates to 0-05-0-2%. Iron containing as 
little as 0-05°%, of silicon has been blown successfully and 
yielded steel sufficiently hot for foundry requirements. 
As the castings produced in this plant have a wall 
thickness of 0-3 in., it will be realised that quite hot 
metal is required. Although in principle the converters 
work with silicon-free iron, in practice small amounts of 
ferro-silicon are used for minor temperature adjustments. 
If, for instance, the temperature of the iron is judged 
to be on the low side, if the converter has been standing 
for some time before the new charge is introduced or 
if a particularly high temperature is required in the steel, 
ferro-silicon additions are made in the converter. For a 
week’s operation entailing the use of 1,085 tons 10 ewt. 
of liquid iron, the ferro-silicon consumption (75% silicon) 
is 4 tons 10 ewt. 3 qr. 18 1b., representing an average 
addition to 0-28°%, of silicon to the converter charges. 

Desulphurisation.—As no pig iron is charged into the 
cupolas, a high coke ratio is required (6:1), which 
involves a relatively high sulphur content in the iron 
(from 0-11% to 0-18%). When desulphurising with 
sodium carbonate in the normal manner the steel 
frequently showed a sulphur content upwards of 0-06%. 
Selection of a more suitable lining material for the ladle 
improved matters. It was then found that by using two 
ladles and pouring slag and metal from the first to the 
second ladle the efficiency of the process was increased. 
In Table ITI the complete analyses of a shift’s operation 


o- o- 
0-11-0-18 . 0-038-0-07 
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of the plant are recorded. Heats Nos. 9139-9160 were 
desulphurised in ladles lined with firebrick and gave an 
average sulphur content of 0-0367%. The subsequent 
heats were desulphurised in ladles lined with basic 
material and gave an average sulphur content of 
0-0272%. Assuming that the iron used in the latter 
heats had an original sulphur content of 0-13%, there 
was a sulphur elimination of 79%. The high sulphur 
content of the iron produced by the process is therefore 
not necessarily detrimental; in fact, steel has been 
produced with a sulphur content below 0-02%. 

Duration of the Blow.—The rotary mixers were not 
ready to operate when the plant was started up and for a 
time steel was made in the normal Tropenas manner, 
using a proportion of pig iron and ferro-silicon in the 
cupola to give iron with upwards of 1% of silicon. With 
these charges, the converter blows lasted an average of 
i8mins. When the rotary mixers were brought into use 
with irons low in silicon, the average duration of the 

TABLE IIl. 
ANALYSES OF THE STEELS OBTAINED ON ONE SHIFT. 


} 























Heats T.C., Si, Mn, s, P, 

Nos, %. % %- | %- | %: 

9139 0-35 1-72 0-052 0-075 
9140 0-27 1-64 0-046 0-076 
9141 0-31 1-68 | 0-044 0-075 
9142 0°27 1-64 0-038 0-072 
9143 0-32 1-64 } 0-042 0-068 
9144 0-26 1-50 | 0-036 0-067 
9145 0-27 1-58 0-038 0-069 
9146 | 0-24 1-60 0-036 0-068 
9147 | 0-29 1-52 | 0-038 | 0-066 
9148 0°27 1-60 } 0-032 0-067 
9149 0-28 1-60 0-032 0-066 
g150 | 0-29 1-62 0-036 0-063 
9151 0-28 1-70 0-030 0-064 
92 | 0-23 1-46 | 0-038 0-064 
9153 | 0-25 1-46 0-040 0-062 
91h | 0-25 | 1-42 | 0-036 0-059 
9155 0-32 | 1-54 0-034 0-057 
9156 } 0-24 | 1-54 0-032 0-058 
9157 0-23 | 1-42 | 0-018 0-058 
9158 } 0-30 } 1-46 | 0-038 0-057 
9159 | 0-29 | 1-60 | 0-036 0-059 
9160 | +2 j 1-38 0-036 0-057 
9161 | 1-50 | 0-028 | 0-057 
916 ' | 1-46 | 0-030 | 0-058 
ole j | | 1-50 | 9-028 0-058 
9164 | | 1-52 | 0-028 0-060 
9165 | } 1-48 0-026 0-061 
9166 | | 1-44 ] 0 026 0-059 
9167 | 1-44 0-028 0-061 
9168 | | 1-44 0-026 0-069 
9169 | | 1-42 } 0-028 0-058 
9170 1-46 | 0-028 0-059 
9171 1-64 | 0-026 0-059 
917 1-50 | 60-026 0-061 
9173 | 1-48 0-028 0-060 
9174 } 1-44 | 0-024 0-060 
9175 | 1-44 | 0-030 0-059 








blow was reduced to 11 mins. The immediate result was 
that two converters instead of three were able to feed 
the foundry with the requisite amount of steel, and this 
added flexibility was accompanied by a reduction in the 
labour cost. 

Slagging.—A favoured deoxidation procedure in con- 
verter foundries is to remove the bulk of the slag from 
the converter before any deoxidising agent is introduced 
into the bath. When high-silicon irons are used, con- 
verter slags are heavy and the removal of the slag is a 
slow and difficult operation. With low-silicon iron there 
is less slag, it is less viscous and its removal is both easier 
and faster. 

Converter Linings.—It was realised that with low- 
silicon irons there would be almost no SiO, produced and 
that the converter linings were likely to be attacked 
severely by metallic oxides. The first few blows after 
the mixers were put into operation provided confirma- 
tion. Silica sand was then introduced in the empty 
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converter before the liquid iron, so as to provide the 
SiO, required to balance the oxides. Not only did this 
addition of sand stop undue corrosion, but it improved 
the life of the linings remarkably. When operating the 
plant in the normal Tropenas manner, the inner linings 
of the converter gave an average life of 60 heats without 
patching. When using low-silicon irons together with a 
sand addition, the inner linings made up of bricks from 
the same source and also without patching gave an 
average life of over 200 heats. This increased life of the 
linings, however, is partly attributable to the reduced 
blowing time. 

To ascertain the effect of sand additions on the com- 
position of the slags, samples were taken during the 
converter operation in another foundry where high- 
silicon irons are used and the plant is such that the 
converter operation is of long duration. These metal 
and slag analyses are recorded in Table IV. 

TABLE IV. 
METAL AND SLAG ANALYSES DURING THE BLOW (TROPENAS PLANT). 


Carbon 2°54%, silicon 1-46%, sulphur 0-079°%, phosphorus 
75 cwt, Temperature of iron: 1,280°C, Total 


Converter charge : 
0-047%, manganese 0-27% ; 
blowing time: 48 mins. 





Time from Commencement of Blow, 


Finish of 


' 

} ene 
| a a — , 
}L1 mins, | 18 mins, | 28 mins, | 37 mins, 
! 














| tlow, 
Analysis of metal; | | | 
Ss Th eekeensconcas 2-66 2-44 2-18 | 1-38 0-05 
Silicom, % ....... rerere 1-26 | 1-08 0-50 0-34 0-06 
Meme, Wo cc ccccccceces O-19 | O-15 0-08 | 0-06 0-03 
ES TE vanancscasabaden 0-078 | 0-070 | 0-067 | 0-059 | 0-054 
Phosphorus, % ........+.+;] 0-047 0-050 | 0-052 | 0-049 0-043 
Analysis of slag: 
Ce TE ahenandeterscesnnde 38-1 46-15 55°35 66-65 
Forrous oxide, % ......... 54-5 17-61 37-67 27-09 
Alumina, %......... RE } 2-80 | 3°70 3-60 
Manganous oxide, %....... 3-29 | 3-36 | 3-07 3-39 
|), rer 0-50 0-30 0-30 0-30 
Magnesia, °, enidicatataa tain’ ‘Trace | Trace Trace ‘Trace 
Temperature (immersion thermo- | | 
CON, OG. cccecee cosesh ROD 1,370 | 1,560 1,685 1,690 


It is interesting to compare these results with samples 
of slag taken from one of the converters of the plant 
described in Fig. 1 (see Table V). It will be noted that 


TABLE V. 
SLAG ANALYSES DURING THE BLOW (LOW-SILICON IRON), 
Converter charge: Carbon 2-°7%, silicon 0-2%, manganese 0-35°%; 70 ewt, 
Sand (70 lb.) put into the converter prior to the introduction of the iron, Total 








blowing time: 14 mins. 
‘Time from Commencement of Blow, 
EPO WES ey PReERE er 
| 2 mins, | 4 mins. | 6 mins, | 8 mins, | 14 mins, 
GE, TE a ccacsccesesevesnevess 55-4 | 54-2 54-0 56-0 | 60-0 
BREE, Dis cccscicccsececvvesss 3-6 3-5 | 3-7 | 3-6 3-1 
Merrous oxide, % ..........00: 23-2 | 25-7 | 25-1 | 25-2 22-5 
SS, ere a 4-1 | 4:7 4:0 | 3-3 
Manganous oxide, %......4..+4. 10-1 | 12-2 | 12-0 | 10-9 | 10-7 
| | | | 


in the case of the normal Tropenas plant there is a 
constant deficiency of SiO, to balance the oxides until 
the operation is well advanced, which is not the case 
with low-silicon irons when a sand addition has been 
made to the converter. It is also noteworthy in Table IV 
that the formation of FeO and MnO is practically 
instantaneous ; therefore the timely presence of a 
sufficiency of SiO, in the slag—namely, at the beginning 
of the blow—is all important. 

Metallic Loss.—It was expected that irons low in 
silicon and manganese and blown in shorter time would 
not be subject to the same amount of metallic loss as is 
encountered in normal side-blown converters. This 
anticipation was verified in practice. When worked in 
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the Tropenas manner, the blowing loss in the converter 
was about 9°, which compared favourably with the 
average metallic loss throughout the country. With low- 
silicon irons and reduced blowing time the metallic loss 
in the converter, checked as carefully as possible over 
a number of heats, averages between 5 and 6%. 
No metallic loss is experienced in the rotary mixers. 
Phosphorus.—lt a well-known fact in converter 
foundries that, despite the care which is taken, wrought 
or cast iron occasionally finds its way into the cupola 
charges. Moreover, the phosphorus content of steel 
scrap can vary considerably, particularly in a plant like 
the one under review, which has to work with unselected 
scrap. In such conditions the phosphorus content of the 
final steel can, sometimes be very high, and when, this 
plant was worked in the Tropenas manner the final steel 
occasionally showed a phosphorus content well above 
0-1°%. These fluctuations in the phosphorus content 
have been levelled out by the mixers and, as will be seen 
from Table LL], the phosphorus variation in the steel 
produced is extremely small after the first few heats. 
Every day the first few heats tapped from the cupola 
show a higher phosphorus content than during the 
remainder of the day. The phenomenon is explained 
by the phosphorus pick-up from the ash of the initial coke 
charge (the phosphorus content of the coke being 0-3°,). 
There is, however, a more important aspect to the 
question of phosphorus content. Attempts to dephos- 
phorise iron in the cupola in the presence of silicon and 
manganese have failed, as selective oxidation of these 
elements takes place before any impression is made on 
the phosphorus, When using all-steel charges in the 
cupola, however, the silicon and manganese contents of 
the iron are negligible and conditions are fulfilled wherein 
dephosphorisation in the cupola becomes theoretically 
possible, provided that a basic lining is used. Experi- 
mental work in this direction is in hand. 


Is 


Physical Properties of the Steels Obtained 

The typical test results given in Table VI will enable 
the physical properties of the steels made by this process 
to be compared with similar steels made by other 


methods. 


rABLE VI 
PHYSICAL PROPERTIES OF THREE OF THE HEATS 
Clover-le t-blocks treated at '40°C. for } hour ar 
Analyee Physical 
Heat 
Vo Yield Max Khastic Klong 
rl ~j Mi = point Stress, Ratio, tien, 
‘ Pons per Tons per ‘ 
Sy. hh Sq. hh 
( m8 us 2 
1] ‘ ‘ ; Tee ian oN 
{v7-2 foo os bea 
(2aes 6-0 “oo “ 
sieo 1 ys i ‘ <4 25-8 6-0 71 
( ‘ 6-0 l w 
{26-8 7 ‘ 2s 
sitio ! i wid Ho 7 i) 
Lvied ee i 


Credits and Debits 


The advantages of the process may be summarised 
as follows 
(1) Elimination of hematite and _ ferro-silicon 


from the cupola charges. 
(2) Reduced consumption of ferro-silicon in the 
converter. 
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(3) Appreciable reduction of blowing loss in 
converter. 

(4) Increased flexibility and production through 
reduction in blowing and slagging time. ; 

(5) Longer life of converter linings. 

(6) Less variation in pliosphorus contents and 
in final steel analyses. 

(7) More continuity in cupola operation. 

(8) Reduced quantity of converter slag and easier 
removal. 

The process has the following disadvantages which 
must not be overlooked : 

(1) Considerable increase in capital expenditure 
due to the cost of the mixers and the provision of a 
heavy crane to change the mixer bodies. 

(2) Heavier structure needed to support. this 
crane and larger area required by the melting plant. 

(3) Higher coke ratios needed in the cupola for 
melting all-steel charges. 

(4) Greater wear on cupola refractories. 

(5) Extra labour and upkeep entailed by the 
operation, of the mixers. 

(6) Fuel and lining costs of the mixers. 

In the particular plant under review, the items of 
increased cost are more than offset by the savings due to 
cheaper charges, reduced metallic loss and improved 
performance of converter refractories. 

The main purpose of the unconventional design 
namely, the conservation of hematite iron—has been 
fully achieved. 
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The Institute of Metals 


The Melting and Casting of Bronzes 


Among the papers presented at the Annual Autumn Meeting of the Institute of Metals, held 
in Birmingham on September 20, are several concerned with the melting and casting of 


bronzes. 


castings and the results obtained are of considerable significance ; 


The various investigations involved deal primarily with the production of sound 


a brief reference to this 


work and to the conclusions derived from it, therefore, will be of value to producers and 
and users of bronze castings. 


metals are formed by the addition, principally, of 

tin to copper. The addition of tin increases the 
tensile strength, hardness, wear-resistance, and frictional 
resistance ; it reduces elongation, thermal and electrica! 
conductivity. These alloys are excellent for steam and 
structural parts, have good strength, and are resistant 
to sea water corrosion. Among other applications they 
are used for bearings and are claimed to be the hardest 
of alloys used for this purpose. The casting and working 
of these bronzes, however, are attended by difficulties 
due to internal porosity caused by shrinkage and by 
gas evolution during solidification, frequently associated 
with inverse segregation. Much work has been carried 
out with a view to improving the soundness of bronze 
castings and attention is here directed to that discussed 
at the above meeting. 


TT’: E high-tin bronzes, phosphor-bronzes and gun- 


Development of a Flux Degassing Pro- 
cess for Chill-Cast Tin Bronze' 


By W. T. Pecit-Waxpo ie, B.Sc., Ph.D. 
(Tin Research Institute.) 


GHRINK: AGE porosity, ranging from very fine inter- 
granular fissures to large angular cavities, is caused 
primarily by the long freezing range of these alloys, 
which creates a long distance between solidus and 
liquidus in the solidifying ingot, throughout which 
perfect feeding is difficult. For a given alloy, this 
distance is controlled by the thermal gradients in the 
solidifying metal, which in turn are affected by the 
rate and temperature of pouring, by the size and shape 
of ingots, and by the mass, material, and temperature 
of the mould. In sand casting, pouring temperature is 
the most important variable, while with shell casting, 
rate of pouring and the control of direction of solidifica- 
tion are the chief factors. 

Gas porosity may occur either as blow-holes or as 
interdendritic cavities and fissures, often associated with 
shrinkage porosity. Blow-hole porosity is more generally 
caused by (1) gases or vapours evolved from mould or 
core surfaces ; (2) gases from volatile mould dressings 
mechanically entrapped ; and (3) air bubbles entrapped in 
the solidified metal, caused by excessive turbulence during 
pouring, particularly if the casting temperature is low. 

Fissure porosity, the more usual type of gas porosity 
eneountered in actual practice, may be caused either by 
evolution during solidification of gases dissolved in the 
molten metal, or by reactions between these gases and 
oxides. The chief gases with which bronze may come 
into contact during | melting are the constituents of the 


1 Extract from Journ, Inst. Metals, 1944, 970, pp. 127-145. 


atmosphere and the products of fuel combustion 
viz., oxygen, nitrogen, water vapour, hydrogen, carbon 
monoxide, carbon dioxide, and sulphur dioxide. 

Many investigators consider that water vapour is a 
serious cause of fissure porosity in bronze, in which case 
the elimination, of either the oxygen or hydrogen from 
the melt should prevent this porosity. Many methods 
of degassing bronze have been studied. Several investi- 
gators recommend the use of oxidising fluxes. Lepp’s 
process? is of particular interest in that he adds to the 
melt an element less noble than any of its constituents 
to protect them from excessive loss by oxidation. He 
obtained remarkably high mechanical properties with 
sand-cast bronzes and gun metals, and was able to 
fabricate bronzes with much higher tin content than are 
used normally for wrought products. 

In the present investigations preliminary work led 
to the conclusion that an oxidising flux would be more 
generally applicable than degassing by direct oxidation, 
especially when scrap metal has to be melted, since a flux 
provides some protection from the furnace atmosphere 
and cleans the metal from oxide skins, in addition to 
supplying the required oxygen. The requirements for a 
successful oxidising flux process are summarised as 
— : 

The flux must carry an easily dissociated oxide, 
saiuais an oxide of one of the metal constituents 
of the alloy, so that complete reduction does not 
seriously contaminate the bath. 

2. The flux must be a solvent for any oxide skins 
present in the charge or formed during melting. 

At melting temperature the flux must have a 
consistency such that it forms a continuous layer 
over the melt, and can be readily mixed with the 
latter to facilitate reactions and dissolution of oxides. 

4. A suitable thickening agent must be selected 
which will mix with ‘the flux to give it a pasty con- 
sistency so that it can be removed completely from 
the metal before deoxidation. The thickener must 
not contaminate the melt either directly or by reaction 
with the flux. 

5. The necessary quantity of a suitable deoxidant 
must be added to the melt to remove excess of oxygen. 
The products of the deoxidation reactions must be 
readily removable from the metal and residual deoxi-- 
dant must not adversely affect the mechanical! or 
working properties of the bronze. 

The flux should be of simple composition, easily 
prepared, cheap, not objectionably fuming, and 
should not attack the melting pot. 

The experiments described in this paper were pla nned to 
develop a process whic h would meet these requirements. 

2 H. Lepp : Bull, Assoc. “Tech, Foundries, 1937, 11, 84, 219. Brit, Pat. No, 


136204. Tech, Publ., Int. Tin Research Dir, Council, Series D, No. 3, 1937, 
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Cupric oxide was chosen as the oxidizing agent, since 
it dissociates at the temperature of operation and even 
if completely reduced does not contaminate the melt. 
Technically pure oxide was used in preliminary experi- 
ments, but later copper mill scale was found satisfactory 
as a substitute. Materials to act as carriers for the 
copper oxide were selected from those which are rela- 
tively cheap and are not strongly basic in reaction, 
viz., fused boric acid and borax, sodium chloride and 
sodium fluoride, all of commercial purity. Stourbridge 
sand and commercial bone ash were used for thickening 
the flux, either alone or fritted with one-third part by 
weight of borax or sodium fluoride. All the materials 
were dried thoroughly and stored in air-tight containers. 

The results of the experiments show that melting tin 
bronzes under oxidising fluxes improves their soundness 
and the working and mechanical properties. Bronzes 
containing 9C-10°%, tin thus treated and cast so as to be 
free from shrinkage defects can be extruded and subse- 
quently cold rolled and cold drawn. The wrought 
products have very high mechanical properties. The 
properties of metal prepared entirely from scrap are 
equal to those produced from the purest virgin metals, 
provided the melting and casting technique are suitable. 

Variations in flux composition, time of reaction 
between flux and metal, the composition of the thickener 
used for removing the flux, and deoxidation technique 
are all interdependent variables which may influence 
the properties of the metal. 

Common salt was found to be an objectionable con- 
stituent in the flux ; borax was found to be preferable 
to boric acid. The most suitable flux in the present work 
contained borax 34, sand 50, and cupric oxide 20% 
by weight. This flux does not attack the melting pots 
severely, is only slightly fuming at 1200°-1300° C., and 
can easily be thickened for removal from the melt so 
that slag inclusions are rarely found in the metal. The 
improved soundness and mechanical properties of the 
metal indicate that it has a considerable degassing 
action on the melt. 

Dried sand or fritted mixtures of 3 sand : 1 borax or 
3 sand : 1 sodium fluoride were the most satisfactory 
thickeners for the flux. 

Aluminium, used as an alternative deoxidant to 
phosphorus, gives the bronzes higher densities and 
better hot-rolling properties, but seriously impairs their 
mechanical properties, particularly in the cast state, 
owing to entrapped oxide skins. 


The Effect of some Variations in Casting 
Procedure on the Properties of Degassed 
Chill-Cast 10°, Tin Bronze*® 


By V. T. Pett-Waroie, B.Se., Ph.D., and 


V. Konpic, B.Se., Ph.D. 


SERIOUS defect arising in tin bronzes consists of 


intererystalline fissures, which seriously impair 
mechanical and working properties and cause difficulty 
in obtaining pressure-tight castings. While the presence 
of dissolved gases is an important factor, imperfect 
internal feed'ng is probably the chief cause of the 
trouble, particularly in chill-cast ingots. The present 
paper records investigations on the effect of rate and 
temperature of pouring, position of pouring stream, 


Journ, Inst, Metals, 1944, June, 275-289 
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mould temperature, and mould dressing on the proper. 
ties of degassed 10°, tin bronze cast in strip chill ingots, 

‘In the experimental work the charges consisted either 
of scrap bronze or of half scrap and half virgin metals, 
with a degassing flux consisting of borax 2 parts, cupric 
oxide | part, sand 3 parts. Metal and flux (1 oz. flux per 
lb. of metal) were melted in salamander crucibles in a 
gas-fired pit furnace. When the charge was molten, the 
required extra tin was added (to bring the composition 
to 10%) and a further 10-12 minutes’ superheating was 
allowed. The flux was then mixed with the metal, 
allowed to separate, thickened with dried sand, and 
removed. The metal was then deoxidised with 0-075% 
phosphorus (added as 15% phosphor-copper), which was 
found sufficient to ‘* clear” the surface of the metal. 

Three split moulds were used, two of cast iron giving 
ingots 12x6x1in. and 12x 2» }in., respectively, and 
a water-cooled copper-faced mould giving an ingot 
12x6x1lin. The pouring rate was controlled and 
pouring temperature measured in the salamander crucible 
immediately before pouring. 

The investigations described in this paper indicate 
that the harmful types of porosity can be minimised 
and optimum tensile and rolling properties obtained if 
the bronze is poured with a single central stream at the 
slowest practicable rate, depending on ingot size and at 
a relatively high temperature (1200° C.) into a vertical 
mould dressed lightly with a volatile dressing. A water- 
cooled, copper-faced mould is best for chill strip ingots, 


The Removal of Gases from Molten 
Bronzes*‘ 


By W. A. Baker, B.Sc. and F. C. Cuitp, B.Sc. 


FURTHER stage in the investigations on the 

casting of bronzes is described in this paper, in 
which the conditions necessary for degasification 
on a practical scale were studied in commonly used 
alloys, namely, copper-tin, copper-tin-phos- phorus, 
copper-tin-zine, and copper-tin-zinc-lead alloys. 

The alloys used in the experimental work were pre- 
pared from cathode copper, commercial purity tin, 
electrolytic zine and lead, and commercial 15°, phosphor- 
copper. These were melted in a high-frequency furnace 
in salamander crucibles, usually fitted with a cover to 
permit melting in controlled atmospheres. Alterna- 
tively, melts were made in gas-fired furnaces, in which 
the melting atmosphere could be made strongly oxidising 
or strongly reducing. Hydrogen, nitrogen, and air were 
made in various gas treatments of melts. The gas was 
taken from cylinders at pressures exceeding 20 atmo- 
spheres. The moisture content of the gases was therefore 
less than 0-1°%. Both the hydrogen and nitrogen con- 
tained small amounts of oxygen of the order of 0-1—1%. 
Casting temperatures were measured with Chrome- 
Alumel thermocouples. Moulds were made in green or 
dry Mansfield sand. A variety of test bars were used, 
as shown, in Figs. 1 to 4. 

For the purpose of this investigation the test casting 
should meet the following requirements : 

(a) shrinkage porosity should be reduced to a 
minimum by a generous feeding in order that small 
amounts of gas may be detected by a decrease in the 
density of the casting ; 


4 Journ, Inst, Metals, 1944, Aug., 349-371. 
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(6) the casting should be sensitive to the presence 
of gas, e.g., the rate of freezing should not be so fast 
us to cause retention of considerable amounts of gas 
in solid solution in the metal ; 

(c) porosity due to shrinkage or to gas should be 
uniformly distributed in the casting, so that the effect 
of gas porosity on the mechanical properties may be 
shown by comparison of consistent tensile test results. 
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Fig. 2. 

Experiments with the D.T.D. test-bar (Fig. 2), 
commonly used for light alloys, indicate that this would 
meet the requirements stated above. This bar was used 
extensively in this and in later work, and has proved 
satisfactory in the three respects stated. The densities 
of the various test castings were used to indicate the 
success or otherwise of degassing treatments, these were 
measured to an accuracy of +0-003 grm./cc. Tensile 
tests and micro-examination, supplemented the results 
from density measurements. 

The experiments on degassing bronzes have shown 
that plain copper-tin bronzes can be readily degassed 
by an oxidation-reduction, treatment. Several methods 
were successfully employed to introduce oxygen into 
the melt, but additions of copper oxide alone were 
unsatisfactory. The oxide merely formed a crust on, the 
surface of the melt and did not transfer oxygen. to the 
melt efficiently. The admixture of a flux with the copper 
oxide overcame this difficulty, and it is likely that a wide 
variety of flux mixtures containing copper oxide, etc., 
would be quite effective. 

The presence of phosphorus in bronzes seriously 
lowers the solubility of oxygen in the melt and so 
hinders degassing by oxidation. Copper-tin alloys 
containing small amounts of phosphorus, e.g., up to 
0-05", can be conveniently degassed by oxidation, pro- 
vided that the phosphorus is eliminated in the oxidation. 
If this is done the oxygen content can be raised to an 
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upper limit of about 0-02°%, and hydrogen is then readily 
displaced. It is impracticable and wasteful to eliminate 
large amounts of phosphorus by oxidation, and copper- 
tin-phosphorus alloys should be degassed by scavenging 
treatment, 7.e., by treatment with an inert gas such as 
dry nitrogen. A five-minute treatment is sufficient, 
provided that the gas is blown through the metal at a 
rapid rate so as violently to agitate the metal. 

The presence of zinc has the same effect 
as that of phosphorus but to a lesser 
degree. Alloys containing up to 0-5%, 
zine can be degassed rapidly by oxidation- 
reduction treatment, while alloys contain- 
ing amounts normally found in commercial 
alloys, e.g., 2-5%, cannot be degassed by 
such treatment. An oxidizing atmosphere 
maintained throughout melting yields 
melts with a low gas content, although 
not completely degassed. The effect of 
an oxidising atmosphere may be partly 
one of protection from gas absorption, due 
to oxide crusts formed on the metal 
surface. These alloys can be rapidly 
degassed by scavenging treatment with 
dry nitrogen, but the zine fume and zine 
loss make the process unattractive. Man- 
ganese ore charged in the bottom of the 
crucible is fairly effective in reducing the 
gas content of gun-metals, and this is 
probably largely due to a scavenging 
effect of gases liberated from the material. 
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Effect of Shrinkage and Gas 

Porosity on Pressure Tightness 

and Mechanical Properties of 
Bronze Sand Castings’ 


By W. A. Baker, B.Sc., F. C. Cuitp, B.Sc., 
and W. H. GuiaisHer, B.Sc. 
N investigation is described which was designed to 
determine the relative effects of shrinkage and gas 
porosity on the pressure tightness and strength of bronze 
castings, and more particularly to determine the effect 
of gas on imperfectly fed castings containing local heat 
centres where concentrates of shrinkage porosity would 
be expected to appear. 

A well-fed test-bar (the D.T.D. bar commonly used 
for light alloys) was cast from every melt to serve as an 
index of the gas content of the metal, and at the same 
time a standard test casting was also made, which was 
designed to: be imperfectly fed, so that it would contain 
some porosity whether the metal was “ gas-free ’’ or 
not. The disc casting shown, in Fig. 1 was chosen to 
represent a poorly-fed casting including a local heat 
centre (in and around the boss) where localised porosity 
might be expected to occur. The casting is run and 
partially fed through the restricted ingate into the top 
of the boss, the diameter of the ingate being adjusted in 
preliminary experiments to give moderately defective 
castings in, which the effects of shrinkage alone and 
the combined effect of shtinkage and gas could 
be studied. The casting was deliberately chosen to 
have no cored parts, since it was desired to study the 
effect of metal condition. Moulding was, therefore, 
made as simple as possible in order that variations in 


Fig. 4. 
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the hardness of the mould, &c., should have the mini- 
mum effect. 

Using the well-fed test-bar and the poorly fed disc 
casting, castings have been made from “* gas-free ” 
and ‘‘ gassy ’’ melts prepared by procedures indicated 
by the earlier work on gas absorption and degassing. 
It was intended to study the effect of shrinkage and of 
gas dissolved in the melt before pouring, but it was 
found that certain alloys absorbed gas from moisture 
in sand moulds and the effect of this gas absorption 
was also studied. A study of the properties of large 
numbers of these simple castings has shown the relative 
effects of shrinkage and dissolved gas, and it is con- 
sidered that the conclusions drawn are applicable to 
the more complicated castings made in industry. 


Summary and Conclusions 
The bronzes freeze over a wide range of temperatures, 
and as a result they do not feed easily and therefore 
tend to contain widely dispersed small intercrystalline 
and interdendritic cavities. This porosity is primarily 
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gas on the distribution of the porosity is also very 
different in different alloys. ’ 

Thus, plain tin bronzes and tin bronzes with low 
phosphorus contents (e.g., up to 0-2 %) are particularly 
prone to local concentrations of shrinkage porosity at 
points where solidification is delayed. The presence of 
hydrogen in the melt slightly improves the distribution 
of porosity, minimising the local concentrations of 
porosity with some resultant improvement in the pro- 
perties of unfed castings. 

Tin bronzes with higher phosphorus contents absorb 
hydrogen from moisture in sand moulds, and this gas 
absorption is extremely effective in dispersing local 
concentrations of porosity. 

The copper-tin-zine gun—metals are rather less prone 
to contain local concentrations of shrinkage porosity, 
but such concentrations do occur in degassed material 
with seriously harmful effects. The presence of moder. 
ate amounts of gas in the metal causes a substantial 
improvement in the distribution of the porosity and in 
the resultant properties of unfed castings, particularly 

pressure tightness. Larger amounts of gas 
cause excessive porosity with resultant 
deterioration in the pressure tightness and 
strength. 

The leaded gun-metals show very little 
tendency to contain local concentrations of 
porosity when the metal is degassed. The 
presence of even small amounts of gas aggra- 
vates the effect of shrinkage in promoting 
local patches of porosity and has a seriously 
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Fig. 1. 


due to unfed freezing shrinkage, and while its form is 
very harmful a considerable amount of the porosity is 
tolerable in a casting from the point of view of pressure 
tightness, provided that it is uniformly dispersed. 
However, the porosity tends to concentrate at areas in 
imperfectly fed castings where solidification has been 
locally delayed, e.g., at junctions of sections, at bosses, 
ribs, &c., and such concentrations of porosity cause 
leakage under pressure and serious local weakness. 

The evolution of dissolved gas from bronzes during 
freezing causes the appearance of larger amounts of 
similar porosity. The investigation has shown that the 
presence of gas sometimes reduces the amounts of 
porosity at local heat centres, but increases the amount 
of porosity in other parts of the casting, i.e., the gas im- 
proves the distribution of the porosity with a resultant 
improvement in the pressure tightness and strength of 
imperfectly ted castings, but decreases the strength of 
fully fed bars 

The investigation shows that the distribution of 
shrinkage porosity in degassed but imperfectly fed 
castings differs considerably for the various bronzes 
commercially used for sand castings, and the effect of 


D.T.D. Bar and Pressure-Tightness Test Discs 


and imperfectly fed castings. 

These various bronzes have very different 
mechanical strengths when cast into well-fed 
test bars. Provided large amounts of gas 
are not absorbed in the mould the phosphor- 
bronzes have the best tensile properties, the 
copper-—tin-zine alloys the next, and the 
leaded bronzes have the lowest strengths. 
In the last alloys the strengths are lower the 
lower the tin and the higher the lead contents. 
In imperfectly fed castings, however, the best 
tensile properties obtainable by control of the 
gas content as outlined above are of a very similar order 
for all of these types of bronzes, and therefore, from the 
point of view of pressure tightness and strength of such 
castings, the meritg of the various alloys should be 
judged from the ease with which the best properties are 
obtained. . 

From this point of view the leaded bronzes are the 
best alloys for castings of intricate shape which are 
not easily fed. These alloys give the best properties 
when the gas content of the melt is very low, and this 
condition is readily and consistently attained, ¢.9., 
by melting under strongly oxidising conditions with or 
without oxidising fluxes or additions which evolve 
oxidising and or scavenging gases. Gassy melts can 
be quickly degassed by scavenging treatment with 
nitrogen or air, but the copious evolution of zine fumes 
and the attendant metal loss do not commend this 
as a practical procedure. 

The high phosphorus bronzes also give the optimum 
results in imperfectly fed castings when the melts are 
degassed before pouring, but in this case the desired 
uniform distribution of porosity is secured by g@s 
absorption in the mould, This gas absorption 
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controlled by control of phosphorus content and pouring 
temperature, e.g., a phosphorus content of 0-3-0-5% 
and a pouring temperature of 1130° C. give a suitable 
amount of gas absorption. However, the phosphor- 
bronzes cannot be degassed sufficiently by oxidation 
treatment and scavenging with air or nitrogen is necess- 
ary. In these alloys the scavenging treatment is easily 
applied and does not suffer the practical disadvantages 
mentioned above. A charcoal cover on the melt before 
and during scavenging treatment with air is desirable 


for two reasons : (i) it minimises oxidation and loss of 


phosphorus during melting and prevents the formation, 
of phosphate slags which attack the melting crucible, 
and (ii) its presence on the surface of the melt during 
air blowing allows the metal to be agitated violently 
for rapid degassing with lessened risk of drops of metal 
being blown out of the pot. Moreover, the use of a 
charcoal cover during degassing improves the pressure 
tightness of poorly fed sand castings, for some reason, 
which remains obscure. 

The copper-—tin-zine alloys are the least satisfactory 
of the alloys examined for intricate castings required 
to be pressure tight. The best properties in imperfectly 
fed castings are obtained when the metal has a small 
gas content, low- and high-gas contents being unsatis- 
factory. It is not easy to ensure that each melt shall 
have the desired gas content, although some measure 
of control is possible by control of the furnace atmos- 
phere and the use of fluxes as previously described. 
Experience gained in this investigation suggests that 
each melting furnace would required individual con- 
sideration, for this purpose, and in this connection, 
density determinations on, the D.T.D. test-bar described 
in this paper should provide the best guide to the most 
satisfactory melting conditions. 

The research has amply demonstrated the absurdity 
of judging the mechanical properties of imperfectly fed 
castings by separately cast, fully fed test-bars. The 
test-bars give valuable information about the condition 
of the metal when densities as well as mechanical 
properties are measured, but the highest densities and 
mechanical properties do not give the best mechanical 
properties or pressure ‘tightness in unfed castings of 
phosphor-bronze and gun-metal. In leaded gun-metals, 
however, the maximum densities and mechanical pro- 
perties of the fully fed test-bars coincide with maximum 
properties of unfed castings. 


The use of Leaded Gun-Metal for the 
Production of Castings to withstand 
Pressure' 


By Frayk Hvupson. 


[\ this paper is recorded some of the more pertinent 

facts obtained in a series of trials conducted at the 
works of various Admiralty eontractors throughout the 
country in an endeavour to obtain data on gun-metals 
more suited to the production, of high-pressure castings, 
from both the practical and economic points of view, 
than the standard copper-tin-zine alloys normally 
emploved for this purpose. 

As a result of this investigation, evidence has been 
obtained which shows that leaded gun-metal containing 
approximately tin 7, zine 5, lead 5°, balance copper, 


1 Journ, Inst, Metals, 1044, Aug,, 407-422. 
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with or without a nickel addition, is more adaptable to 
the production of pressure tight castings of variable 
section than other lead-free or low-lead-content alloys, 
such as those containing copper 86, tin 12, zine 2% ; 
copper 88, tin 10, zine 2°, ; and copper 86, tin 7, zine 5, 
lead 2%. Tests to destruction indicate that castings 
made in leaded gun-metal of the 83:7:5:5 type have 
a bursting strength which is at least equal to that ob- 
tained from the alternative alloys mentioned above 
and which is much higher when around 3%, nickel is 
added. Furthermore, leaded gun-metal has _ better 
bearing properties and wear-resistance for the majority 
of hydraulic applications than Admiralty gun-metal of 
the 88 : 10: 2 type. 

Mechanical and physical properties of the 83.:7:5:5 
alloy have beer, determined, and a brief review is given 
of the effect of the more common impurities, such as 
aluminium, antimony, iron, sulphur, &e. 


Insulating Bricks 


DvuRING recent years much attention has been given to 
the improvement of refractories for building industrial 
furnaces. Among many lines of approach one of an 
outstanding character concerns the development of a 
material which, while possessing good refractory pro- 
perties incorporates the advantages of a good insulating 
material. 

Insulating materials owe their properties of low 
thermal conductivity to the inclusion of minute air cells 
which substantially reduce the heat transfer. Formerly, 
these materials were largely obtained from diatomite, 
used either in the calcined or natural state, and this 
country was dependent upon foreign supplies. Investiga- 
tions were naturally instituted to develop materials 
capable of replacing diatomite efficiently, and a successful 
method, known as the ‘* Kimolo ”’ process, was developed. 
The insulating properties were effected by intimately 
blending with the clay a finely divided material which 
is gasified during the initial firing of the bricks, leaving 
the necessary minute air cells evenly distributed through- 
out the mass. 7 

That the insulating properties of the Kimolo standard 
grade bricks are of a high order is indicated by the results 
of tests carried out at the National Physical Laboratory. 
It will be noted that the figures given show this insulating 
brick to be equal to good quality pre-war diatomite 
insulating brick. 

Heat Transmitted in 
B.Th.U.s per Sq. Ft, per Hour 

per Lin, Thickness per ° F 


remperature Difference. 


Cold Face Hot Face 
‘Temperature, Temperature, 
"Cc. r, c. 


25 se 7 


25 ee 7 ee 700 os oe 1-3 


30 je 86 ee 900 » 652 ve 45 


It is worthy of note that Kimolo bricks absorb only 
about one-third as much heat as a corresponding fire- 
brick during the process of heating up. This is an 
important feature in intermittent working, as the 
insulation not only saves fuel, but also reduces the time 
needed to reach a required temperature, and so increases 
the output per unit of plant. ; 

Useful data regarding the physical properties of these 
insulating bricks are given in a well-illustrated booklet, 
which may be obtained from Cellactite and British 
Uralite, Ltd., Terminal House, 52, Grosvenor Gardens, 


London, 8.W. 1. 
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The Side Feeding of Steel Castings 


A Note on the Influence of the Mechanism of Freezing 
By B. Gray. B.Sc. 


(English Steel Corporation, Ltd.) 


Whirl-gate and atmospheric heads largely depend for their success on the control of the 
direction of solidification by the temperature gradient ; in a recent paper* the author 
suggests that the results are also influenced strongly by factors arising from the mechanism 
of freezing of the steel. Four experiments are described with 4 in. square bars cast in 
various ways. Wall thickness is less on vertical than on horizontal walls, and different 
again when the head is applied at the bottom. Other factors that play an important part 
are convection currents, the distribution of secondary segregated material, and atmospheric 
Some of the main features of this investigation are abstracted from the paper 


press ure. 
and given in this article. 


STRIKING feature of steel foundry practice 
A during the past few years has been the develop- 

ment in the side feeding of castings. In Great 
Britain it has taken the form of the, now well-known, 
‘ whirl-gate ” head, which depends for its working on 
the control of the direction of solidification by the 
temperature gradient. That principle has long been 
recognised as important, but it has recently been 
restated and much emphasised by Batty’ and by Duma 
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and Brinson*® in America, and there is some danger that 
it may be considered to be the only factor of importance 
in the feeding of steel castings. 
The * atmospheric head has been introduced more 
recently from America and has been fully described in a 
* Paper No. 10 1944 of the Steel Castings Research Committee, submitted ; 
by the Foundry Practice Sub-Committee ; published by the Iron and Steel 


Institute Advance copy, July, 1944, 
1 G, Batty Transactions of the American Foundrymen's Association, 1934, 
42, p. 237 
2 J. A. Duma and 8. W. Brinson, 7 rensactions of the American Foundrymen's 
" , 


Association, 1940, 4B, p. 225. 


paper by Taylor and Rominski,’ which has been reprinted 
in Britain. It is usually applied in much the same way 
as the whirl-gate head, but it is ** blind,” and its height 
is less. In the ordinary way, a ‘dummy ” head often 
fails, owing to the absence of the atmospheric pressure 
necessary to force the liquid steel from the head into 
the casting. A device in the form of a small core is used 
to produce a puncture in the first-formed skin at the 
top of the head, so that atmospheric pressure is admitted 
to the top surface of the liquid there. As stated, both 
heads rely primarily on the directional control of 
freezing by the temperature gradient which they are 
admirably designed to produce, but, important as that 
principle is, there are other factors arising from the 
mechanism of freezing in steel which should not be 
ignored. 

Much has been written on the freezing of steel in 
chilled ingots, but the subject has been almost entirely 
neglected in its relation to the production of steel cast- 
ings, although information can more easily be obtained 
from the lathe by varying the methods of running and 
feeding. 

For the present investigation, blocks 4 in. x 4 in. x 
18 in. were made in four different ways (see Fig. 1). 

Example A.—Cast vertically with a bottom 
runner and top head. 

Example B.—Cast horizontally with a whirl-gate 
head at one end. 

Example C.—Cast vertically through a top head. 

Example D.—Cast vertically with a whirl-gate 
head near the bottom. 

The results obtained from the experiments are reported 
in this paper and their bearing on the feeding of steel 
castings is discussed. 


Solidification from the Mould Wall 


It seems to be assumed in most recent publications 
that steel freezes by a uniform thickening of the wall 
under all circumstances, except in so far as the process 
is modified by variations in the thermal capacity and 
conductivity of the moulding material and by the shape 
of the mould. That the assumption is not true is In- 
dicated by two illustrations: one a sulphur print of 
casting A with a large head bottom run and made 
vertically, and a photograph of two specimens ™ 





3 H. F. Taylor and E. A. Rominski. Transactions of the American For 
men’s Association, 1942, 50, p. 215; Foundry Trade Journal, 1942, 68, © 
p. 135; Oct, 22, p. 171; Oct. 29, p. 193. 
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example B, drained after 8} and 4} mins. respectively 
by burning a hole in the bottom of the head. 

After 10} mins. the bottom box was dropped off 
casting A and 7}in. of the casting cut off with an 
oxygen lance. A small amount of liquid metal drained 
out, but the casting was solid except for small unusual 
type cavities. The thickness of the wall of the casting, 
undisturbed by the draining operation, varies and is 
everywhere less than 1 in., and it is evident that there 
was much loose solid matter in the interior, with only 
a small amount of liquid. Some of the liquid had come 
down from the top of the head, as is shown by the 
sulphur print. 

The castings of example B are similar to that of A, 
but were made horizontally with the whirl-gate head, 
and only a few drops of liquid metal were drained off the 
centre line of the specimen 10} mins. after casting. In 
this casting, freezing had taken place almost entirely 
by growth from the walls of the casting, at a rate that 
agrees fairly closely with that obtained by mathematical 
calculation, which is of the order of 0-2 in. per min. 

Thermocouples in similar castings showed that 
example A solidified completely in 17 mins., and 
example B in 12 mins., a difference caused ct 
by the method of running. In example B, 
heat was absorbed from the steel in the head 
before it entered the casting, while in A the 
steel all passed through the casting and would 
lose heat before it reached the head. The rate 
of freezing of the wall in A was approximately 
0-095 in. per min., and in B 0-23 in. per min., 

a difference that is too great to be attributed to 
temperature alone. 


Types of Crystallisation 


Widely different kinds of crystalline structure are 
‘obtained according to the conditions under which the 
steel solidifies. The study of the different crystals in 
steel and their distribution is a difficult and contentious 
subject which it is not proposed to deal with here, but 
from a practical point of view it can be assumed that in 
ordinary steel there are always these two forms of 
solid : 

Primary.—The bulk of the solid, having varying 
structure, but conforming closely to the analysis 
obtained from a spoon sample, though with in- 
creasing impurity content.as solidification proceeds. 

Secondary.—A highly segregated solution, con- 
taining considerably more sulphur and carbon than 
the spoon sample, which appears to solidify almost 
simultaneously over a considerable area. 

In example A most of the secondary solidification 
occurred in the head, where it appears as a brown patch 
in the sulphur print. The remainder was contained in 
the V-threads in the upper centre of the casting and in 
minute particles well distributed through the remainder 
of the section. The bottom third of the casting was 
exceptionally free from segregate and containing, on the 
whole, the purest steel, solidified at the highest tempera- 
ture. Actually, the casting contained only minute 
defects on the centre-linc, but, if the highest freezing- 
point material had not collected at the bottom it is 
clear that the casting must have been unsound. That is 
to say, if such a casting really solidified only from the 
mou'| face inwards at a rate proportional to the dissipa- 
tion of heat, no casting of uniform section bottom-run 
with a top head could possibly be sound, as it would 
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solidify more slowly at the bottom, where the sand has 
been heated by the incoming metal. 

When the same casting was made vertically and run 
through a top head, as in example C, the distribution 
of the segregate was similar to that in example A, but 
the columnar wall was considerably thicker at the 
bottom end of the casting and the V-segregates, confined 
to the upper half, were less pronounced and flatter. On 
the other hand, in example B, with the casting made on 
the flat, solidification proceeded almost entirely inwards 
from the walls, and when the solidified matter met at 
the centre the secondary residue was squeezed towards 
the head in a passage tapered by the temperature 
gradient induced by the method of running. There it 
was blocked by the material in the head, which was pure 
and solidified first, although it was at a higher tempera- 
ture. As a result, there is slight unsoundness due to the 
freezing and contraction of the secondary material later. 

Example D, cast vertically with a whirl-gate head, 
showed further differences, the crystal structure pre- 
senting a confused appearance, and not a marked 


pattern about the centre line as in the other cases. The 
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Fig. 2.—-Various Types of Feeder Heads. 


‘ 
columnar wall is very thin, and the sulphur print 
indicates that the segregate is uniformly distributed, 
except for a faint streak running from the centre-line 
in a curve towards the neck. 

Convection Currents 

Reviewing these four samples, the author concludes 
that the differences in the behaviour of the steel in 
freezing are influenced by convection currents in the 
liquid. 

In example B these currents were almost entirely 
absent, owing to the small vertical height and the fairly 
even temperature gradient, while in example C they 
were not powerful, owing to the steel in the bottom of 
the mould having entered first and therefore being the 
coolest. In example A they were more powerful, 
because, owing to the method of running, there was 
hot steel in the bottom when casting was completed, 
the hot steel rising to the top as soon as the turbulence 
due to running ceased. Convection currents were 
relatively strong in example D ; the steel entered hot at 
the bottom, which was also kept warm by the connection 
with the head, while the top of the casting was coolest 
when casting was completed. Immersion thermocouples, 
placed on the centre-line of a similar casting, showed 
that the position was reversed immediately afterwards, 
and the steel nearer the top became the hotter and 
remained so till freezing was almost completed. Owing 
to the convection currents, the steel near the walls was 
relatively warmer, the wall growth was slower, and most 
of the crystal growth took place from nuclei in the liquid. 
Final solidification was from the top downwards, how- 
ever, as convection currents ceased in the later stages 
and heat dissipation was more rapid from the top. 
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Convection currents are also of importance in side 
heads, and here the advantage lies with the atmospheric 
type. It is shorter in comparison with its bulk than the 
whirl-gate head, and therefore convection currents are 
less pronounced. Also, the top surface is kept hot, 
because it is insulated by sand from the atmosphere, and 
later, as soon as the level of the liquid has fallen, there 
is an insulating layer of gas or air to prevent still further 
the loss of heat from the top surface. Thus, the tendency 
for the hot steel at the bottom to be replaced by that 
which has been cooled down at the surface is much 
reduced, and the temperature is kept up opposite the 
entrance to the casting, where it is required. Incidentally, 
the effectiveness of the various feeding materials used on 
the top surfaces of the liquid in open heads is at least 
partly dependent on the same principle, and they tend 
to keep the liquid hot at the base of the head near the 
casting, as well as at the surface. 

The Effect of the Size of the Section on 
Crystallisation 

Stee! in freezing does not behave in the above way in 
castings with a thickness less than about 3 in., because 
after the preliminary growth of the columnar wall is 
finished there is no time for marked segregation to take 
place or room for convection currents to occur. The 
secondary crystallisation, therefore, is widely dispersed 
along the whole of the centre of freezing, and is associated 
with slight unsoundness. For that reason it has been 
found impossible to cast thin plates free from at least 
microscopic unsoundness by ordinary methods of 
feeding. 

Taylor and Rominski* have described the unsoundngss 
produced in the bottom half of a 2 in. plate cast with an 
atmospheric head applied to the middle of the plate. 
In an appendix, an explanation based on differential 
freezing is put forward. 


Factors Controlling Feeding 

It is thus evident that controlled direction of solidifica- 
tion brought about by the temperature gradient is by 
no means the only factor in feeding the steel casting, 
and that for some castings the normal method of bottom- 
running with the top head is satisfactory ~even in theory 1 
in spite of the temperature gradient being in the wrong 
direction. The full benefit of the favourable temperature 
gradient with the whirl-gate bead is not obtained, 
because high melting-point material collects at the 
bottom of the head and may freeze earlier than the low 
melting-point material in the casting if the temperature 
difference is not sufficient. Then, again, the segregated 
material can escape into the head more easily with a 
top head, as it tends to rise naturally, owing to its lower 
specific gravity. In doing so, it enriches the steel in the 
head and lowers its freezing point below that of the 
casting, which, of course, helps feeding. It is only in a 
top-run casting with a top head that the temperature 
gradients and the relative freezing points of the part of 
the casting last to freeze and of the material fed to it 
are all favourable. 


The Secondary Liquid 


The amouat of secondary material collecting near the 
head in a cas*ing, such as example B, will depend partly 


4H. F. Taylor and E. A. Reminski. 7 ranusactions f tre 
men’s Association, 1943, §@, p. 711 
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on the composition of the steel (with high carbon and 
sulphur it will be greater), and partly on the amount 
of steel that the head is feeding. Thus, the secondary 
material in example B is the residue from the whole of 
the steel in the casting. If the casting had been 12 in, 
long instead of 18 in., there would have been little or no 
unsoundness, and most of the secondary material would 
have escaped into the head. 


Atmospheric Pressure 

Another source of danger in the use of the whirl-vate 
head, and even more of the atmospheric head, may lie 
in the strength of the columnar wall at the top of the 
casting. This is indicated by a repeat of example D, 
which was made in a skin-dried mould insufficiently 
dried at the top, causing blowholes. These blowholes 
constituted a puncture of the skin similar to that pro. 
duced by the core in the atmospheric. head, and it seems 
probable that the gas present set up sufficient pressure 
to overcome for a time the ferrostatic pressure from the 
head, and feeding took place from that point instead 
of from the head. 


The Choice of the Type of Head 
Examination of all the foregoing observations suggests 
that generalised statements of practical application in 
the foundry can be made tegarding the type of head 
giving good results in any particular case. These are very 
briefly set out below : 

1. Atmospheric pressure and not gravity is the 
effective motive force in the feeding of all castings. 

2. Top running through the head is effective in 
sections greater than 3 in., particularly when the 
shape of the mould is favourable (see Fig. 2a). 

3. Bottom running with top heads is satisfactory 
under the same conditions (see Fig. 2B). 

4. Top heads are not efficient in sections less than 
3 in. thick. 

5. Top heads are not efficient in horizontal feeding 
(see Fig. 2c). 

6. Side heads give a greater depth of solid wall in 
horizontal feeding and are therefore to be preferred 
in certain cases (see Fig. 4p). 

7. Side heads are effective to a 
horizontal distance from the head. 


considerable 


8. Side heads in horizontal feeding are liable to 
leave slight axial unsoundness in the casting. 

9. Side heads applied to the bottom of a casting 
give the best results in sections under 3 in. thick, 
and are quite effective for thicker sections when 
applied, so that the head keeps the bottom of the 
casting hot by conduction (see Fig. 48). 

10. Side heads are rot so effective when applied 
to the top of a casting (see Fig. 4F). 

11. The conduction of heat from the head to the 
casting during freezing is important, and is con- 
trolled by the size of the head and the design of the 
connection with the casting. 


In the foregoing estimation the size of the neck is 
ignored, as, from the feeding point of view, a reduction 
there can equally well be applied to top heads. In 
practice it is not so convenient, but that and other 
practical considerations affecting the cost of production 
are not discussed here. 
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Producer Gas for Small Heat-Treatment 
Furnaces and Other Processes 


Originally designed as a standby unit for firing small furnaces, should the local town’s 
gas supply be interrupted by enemy action, the gas producer described has been developed 
by the Wellman Smith Owen Engineering Corporation in collaboration with the British Coal 


Utilisation Research Association. 


The simplicity of the producer unit and its ease of 


operation are such that it can be confidently recommended as a permanent unit for providing 
a steady supply of gas for individual heat-treatment processes or for a collection of small 
demands occurring at a distance from the central producer plant. 


emergency source of gas for heat treatment and 

other processes had led to a fuller appreciation 
of the saving which can often be made by the sub- 
stitution of producer gas for town’s gas, particularly 
in situations where a small self-contained producer, 
demanding the minimum of attention, would adequately 
supply gas requirements. 

The new Wellman-Cu:a 7}-therm producer appears to 
be a very suitable unit for such conditions. Its develop- 
ment is the result of research work over a considerable 
period carried out by The British Coal Utilisation 
Research Association with the collaboration of The 
Wellman Smith Owen Engineering Corporation Ltd.—the 


7 E installation of the small producer unit as an 

































































manufacturers. Throughout the development, funda- 
mental aspects of small gas producer operation have 
been considered and the producer has now been 
perfected for industrial use. 

Particulars of the construction of this unit, together 
with some of the results which have been obtained 
during recent test runs, are given in the following notes 
which indicate more permanent uses for this plant. 

A noteworthy feature of the new producer is that it 
requires no special foundation work, concrete flumes 
or seals, nor extensive calls upon auxiliary services. 
The producer proper, together with its ancillary heat 
exchanger is designed to stand on its own feet on any 
level surface. The height of the charging platform level 
is approximately 9 ft., and an access platform with 
ladder is supplied in any form suitable for local con- 
ditions. The only other requirements ere a supply of 


water and sufficient electrical power to operate a fan or 


blower driven by a 2 h.p. motor. 

As will be apparent from the accompanying sectional 
view, Fig. 1, and the general view given in Fig. 2, the 
producer is hand-charged through a_bell-and-hopper 
feed mechanism and since at full load not more than 





5 Fig. 1.—Cross_ sec- 

tion through Wellman- 
gas producer 
plant. 
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Fig. 2.. _ Showing a general view of the complete plant. 





one ewt. of fuel is required per hour there is no heavy 
demand on labour. Due to the position of the gas 
collecting hood the full weight of the fuel in the fuel 
chamber is not transmitted to the fuel in the reaction 
chamber. Interposed between the fuel chamber and 
the reaction chamber is the gas collecting hood and off- 
take pipe. 

The design of the gas collecting hood is such that the 
fuel passes through the annulus between the hood and 
the fuel chamber and segregates, so that the finer par- 
ticles take up a position towards the outside of the 
reaction zone and the larger pieces pass to the centre 
zone. 
the gas collecting hood ensure that side burning does 
not take place and enables the producer to be operated 
at a very high rating without trouble. The reaction 
chamber is lined with shaped refractory bricks. The 
yas collecting hood is far enough away from the hot 
zone to prevent it reaching a temperature sufficient to 


cause distortion or burning, and, in addition, it is, of 


course, always operating in a reducing atmosphere. 
The normal type of grate has been eliminated and the 
base of the reaction chamber is protected by a water- 
cooled ring. Below this ring the air-and-water vapour 
is introduced, and the ash is supported on a rotating 
table above which there is a fixed scroll. The scroll 
guides the ash particles to the edge of the table, which 
is rotated by an external hand-operated ratchet mechan- 


ism. Above the outer edge of the table there is a sleeve, 


the vertical position of which detemines the clearance 
through which the ash particles can pass. 


In order to 
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clear any larger pieces of clinker the sleeve can be raised 
by a simple mechanism coupled to a rod which, like the 
spindle for the rotating table, passes out from the 
sealed ash pit through a gland. Poking holes are pro. 
vided at a suitable height above the reaction chamber, 

Instead of using steam as such to supply the necessary 
water vapour for the reaction an automatic pressure. 
type Zenith carburettor is employed. This component 
is the result of considerable research work, and can be 
relied upon to maintain a constant ratio of water to air 
through a wide range of loads. It is operated cold on 
the initial air delivery pipe, whence the mixture of air 
and water particles passes around the heat exchanger 
on its way to the annular space about the reaction 
chamber. The heat exchanger transfers heat from the 
hot gas to the air and water and the resulting ya porisa- 
tion is so satisfactory that as much as 70 to 80% of 
water by weight can be added. As a result of this 
feature and of the carefully controlled and consistent 
conditions in the reaction chamber the producer has 
been shown to give very consistent gas quality, seldom 
falling below 135 B.Th.U. per cu. ft.; and rarely con- 
taining less than 12% of hydrogen. The rated calorific 
value, it should be noted, is stated on the net basis, 
and for dry gas at standard temperature and pressure. 
In any comparison with other gas characteristics it is, 
of course, very necessary to ensure that the bases of 
comparison are similar, otherwise misleading conclusions 
may be reached. 

It will be noted that this relatively simple central 
up-draught machine operates with a constant fuel bed 
thickness, and incorporates no tortuous passages or 
appreciable restrictions. Consequently, the pressure 
drop across it is low. When operating on normal fuel, 
i.e., anthracite, gasworks or coke-oven coke, sized 1 in. 
to zero, and containing no more than 10% ash, the 
pressure drop at full load amounts to less than 25 in. 
w.g. up to the discharge point of the hot raw gas. Test 
runs have been made with other fuels, and satisfactory 
results have been found to be possible with as much as 
13% ash and with reactivities varying over a wide 
range, but the best conditions are obtained with fuel 
such as has been specified. With this fuel the equip- 
ment can be operated for 8 hours at 74 therms per hour 
without a shut-down for de-ashing. There is a distinct 
advantage in the fact that there is no necessity to screen 
the fines from the fuel before feeding the latter to this 
producer. Indeed, thanks to the segregating arrange- 
ment, the fines are usefully employed, and actually help 
to keep the fuel bed in good condition while operating. 

Where clean gas is required the standard producer 
is supplied with a coke-filled wet scrubber in series with 
two slag wool filters in parallel, shown on the right of 
Fig. 2. The filters are provided with valves so that 
they may be isolated separately for repacking without 
shutting down the whole producer plant. The slag 
wool is made up in cartridge form and the design is such 
that a new cartridge may be fitted in a matter of minutes 
so that changing the filter units is a simple operating 
procedure. ' 

With both filters in circuit the pressure loss across 
them and the scrubber amounts to 15 in.w.g. at full load, 
i.e. a total of less than 40 in.w.g. across the whole pro- 
ducer plant up to the point of discharge of clean gas. 
The cleaning equipment has been shown to be capable 
of maintaining the solid impurities of the gas below 
()-02 grammes per cu. metre (1 grain per 100 cu. ft.). 
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From test data it appears that using fuel having a tar 
content of 10 oz. per ton the life of a pair of filters can 
be taken as 1,000,000 cu. ft. of gas and that on this 
basis the cost works out-at about a farthing per therm. 

Though 74 therms per hour may be a smail rating 
for many purposes in the iron and steel trade, there 
are others for which the producer is quite a convenient 
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size. Two or three units moreover can be arranged in a 
battery, with a common gas-cleaning plant. The 
makers have a good background of experience on which 
to draw to determine whether a battery of this kind 
will prove more satisfactory than one unit of a larger 
rating, such as they supply under the trade name of 
Wellman-Galusha. 


Anodic Treatment of the Aluminium 
Light Base Alloys 


By E. E. Halls 


Much research throughout the world is being devoted to the development of anodic treat- 


ments for aluminium alloys. 


In this article attention is directed to work in this field, 


especially to recent studies in the U.S.S.R. towards more rapid processes which are 
critically considered. 


light alloys are of fundamental importance, and 

that this fact is appreciated is evidenced by the 
large proportion of research effort that is allocated 
throughout the world to this field. It has been shown 
that anodisation can be achieved in a large number of 
ways, but of the numerous processes that have been 
developed in research and industrial laboratories,th os 
that have been established commercially can be grouped 
under three headings on the basis of the nature of the 
electrolyte employed. They are the chromic acid, the 
sulphuric acid and the oxalic acid methods. Each of 
these can of course be modified to suit the alloy being 
treated, or the configuration of component concerned, 
or again in accordance with the type of anodic film 
desired, viz., one to offer maximum corrosion resistance, 
to afford abrasion resisting qualities, to give best hard- 
ness, to be suitable for colouring or to function as the 
basis for paint, enamel or lacquer, or to provide electrical] 
strength. The extent of modification, of course, is 
limited, and is determined by the type of electrolyte 
and the service conditions to be satisfied. It is probably 
true to state that greater advantage has been taken of 
this feature in America than in any other country, 
firstly with a view to providing the best anodic film to 
suit the problem in hand, and secondly from the pro- 
duction angie, to produce the film in the shortest 
possible time, with the minimum of plant and at the 
lowest cost. It is interesting to learn from Russian 
literature that the U.S.S.R. are pressing development 
in the same direction, as is indicated by a recent paper 
by G. V. Akimov, N.D. Tomashev and M. N. Tyukina,* 
which gives an account of their recent work upon acceler- 
ating the anodic process for aluminium and its alloys. 


Mient treatments for the aluminium series of 


_ The importance of concentrating upon improvements 
ik anodic processes lies in the fact that in these treat- 
ments lies the solution to most of the corrosion problems. 
Greatly enhanced resistance to attack can thereby be 
achieved, and, in fact, for many purposes complete im- 
munity from deterioration by corrosive influences can 
be seeured. This applies not only to the majority of 
‘veryday uses but also to many industrial applications 
for plant and equipment in chemical, food and engineer- 
ing industries. 





‘ 
Shurr 


i Ubshchei Khimu, 1942, and abstracted in Metal Industry 1944, May 12. 


In this country the chromic acid and sulphuric acid 
processes are mainly employed, with oxalic acid elec- 
trolytes used for specific purposes. The chromic acid 
process is probably the most widely exploited. The 
same situation, exists in America, where the chromic 
acid method is definitely stipulated when the work has 
folds and overlaps, such as are associated with spot 
welding. Thus-the American aircraft industry specified 
the chromic acid electrolyte because sulphuric acid 
retained in seams is much more likely to cause corrosion. 
In Germany, the oxalic acid solution is extensively 
employed, and both AC. and D.C. methods used. In 
U.S.S.R. advantage is taken of the merits of the sulphuric 
acid process, these being apparently considered to out- 
weigh its demerits. The features that apparently 
appeal to them, and which are not necessarily agreed 
upon elsewhere, are as under :— 

1. The anodic film from the sulphuric acid electrolyte 
possesses better protective properties, and often 
an additional lacquer film can be avoided. They 
consider alumimium anodised in chromic acid 
should be lacquered. 

2. Sulphuric acid is a cheaper raw material than either 
chromic or oxalic acids. 

3. Rejections due to “burning” in the sulphuric acid 
electrolyte are fewer. 

4. Sulphuric acid anodisation can be applied to 

aluminium alloys containing considerable amounts 

of copper or silicon, as well as to alloys having a 

very heterogeneous structure, cases where chromic 

acid anodisation often does not apply. 

5. The anodic film from sulphuric acid is claimed 
to have better adhesion than that from the other 
processes. 

6. A constant voltage can be used during the com- 
plete period of anodisation, a feature that renders 
the sulphuric process more favourable for auto- 
matic plants. 

. The electrical energy consumed is 30 to 50°, lower, 
and there is a time-saving, as compared with the 
other processes. 

8. No elaborate exhaust system is required because 
the inevitable fume and spray produced is less 
irritant and less harmful to operatives. 

Briefly reviewing these points, Nos. 2, 6 and 7 would 


-l1 


no doubt be granted by all anodisers, likewise the fact 
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that they are fundamental and important advantages. 
At the same time, raw material in the form of acid is 
not such a large factor in cost as plant overheads and 
labour ; the chromic acid method has been automaticised 
successfully ; and once an effective exhaust is designed 
and installed, it is really no more difficult for the chromic 
acid process than it is for the sulphuric acid one. Item 
No. | would not be agreed by all technicians and in 
many instances the chromic acid process has certainly 
given superior results. 

Regarding item No. 5, many workers here find fewer 
damaged parts from chromic acid solutions, and in any 
case certain precautions must be taken, and if properly 
observed, no troubles result. Likewise point No. 4 
is debatable and must be interpreted in « limited sense. 
The adhesion, of the film, noted under item 6, is not a 
universal opinion, and many people still consider the 
chromic acid film superior in this direction. With re- 
spect to item 7, this is probably true, although specific 
conditions of operating enter so that care has to be 
exercised in making comparisons. 

The authors stress a disadvantage of the sulphuric 
acid process, namely, a subsequent hot sodium chromate 
seal must be given to complete the protective film. 
They do not mention corrosion troubles when treating 
work with seams ; on the other hand, they do not refer 
to the possibility of obtaining films from sulphuric acid 
electrolytes having much higher electrical breakdown 
strengths than is practical from other processes ; pre- 
sumably they are not especially concerned with elec- 
trical qualities, 

The criticisms just given are in no way intended to 
be destructive, but are merely presented as another set 
of views. From their angle, the authors bave weighed 
up the pros. and cons., and have adopted the type of 
process that best suits their conditions. Notes from 
their work, the standard conditions employed, their 
method of tackling the problem of obtaining a film of 
quality equal to that of the standard in shorter time 
and their methods of evaluating the films obtained, 
are given in the following. 

With the expression “ Standard Conditions,” the 
tussian authors signify the normal sulphuric acid 
process, satisfactory in operation and yielding a satis- 
factory film. The accelerated processes are those 
developed due to the need for more rapid production 
forced by the war situation. The standard conditions 
employed as the © yard-stick” therefore, comprised the 
following 


Sulphurie acid concentration 30% 


Operating temperature ore, 


Preatment period 20) mins, 


Current density 1 amp. seqalt 

In considering methods of rendering the process more 
rapid, the authors decided that to reduce the total 
amount of oxidation that occurred was technically un- 
sound. Consequently, the total quentity of electrical 
energy employed was maintained equivalent to that used 
in the standard process, viz., | amp. sq.dm. for 20 mins., 
or 1,200 coulombs sq.dm. Variations in current density, 
temperature and acid concentration were explored to 
find quicker conditions for obtaining sound coatings. 

The quality of the coatings produced had to be 
assessed, and this was managed in three distinct evalu- 
ations, viz 

(a) Flexibility of the Film.—-For this, test pieces were 
consisted of strips of alumimium 


anodised. They 
A test 


60 mm. long by 15 mm. wide by 1 mm. thick. 
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strip was then tested for flexibility by bending, the 
strip being mounted horizontally over a rod of radius 
3-5 mm. and then gradually bent around this radius 
until cracks appeared in the film. These cracks could 
be seen quite well visually, results being the same as 
those obtained when using a microscope. The angle of 
bend ¢ at which the first crack appeared was recorded 
as a measure of flexibility. 

(b) Amount of Dissolved Aluminium. —The formation 
of the oxide film is accompanied by dissolution of 
aluminium (or aluminium oxide) in the sulphuric acid 
electrolyte. Rather than resort to tedious chemical 
analyses to arrive at this quantity, the authors derived 
a weight test in the following manner :— 

In the formation of aluminium oxide, AI,O,, one 
farad of electricity (96500 coulombs) causes an 
increase In weight of the mass corresponding to the 
chemical equivalent of oxygen, viz., 8 grms. For each 
molecule of aluminium oxide (molecular weight 102 grms.) 
dissolved, the aluminium dissolved is 54 grms. 

The total increase in weight for ‘‘a’’ farads is given 
by: 

102 

54 7 

where q is the number of grms. of aluminium dissolved. 
From this, 


Pp Sa - 


q = 4-3a 
In all experiments 1200 coulombs were employed, 
so that, 


0°53 p 


1200 
96500 
and therefore g could be calculated by merely recording 
the weight change p. 
(c) Corrosion Resistance.—The protective value of 
the film was assessed by an empirical spotting test. 
The reagent used was made up from the following 


a - 


ingredients : 
Potassium dichromate bieeteds 3 gm, 
Hydrochloric acid (3.G.1,16) 25 mi. 
Wee cansese . mi, 


A spot of this reagent was placed on the test specimen 
and the time ¢ in minutes elapsing before the spot turned 
green at 18 to 21°C. was recorded. 

Their findings, as expressed by results of these tests, 
can briefly be summarised as under :— 

Flexibility—The flexibility of the film increased 
(i.e. the bending angle ¢ increased) as the temperature 
of anodisation was increased over the range from 20°C. 
to 50°C., and as the sulphurie acid concentration was 
raised from 3%, to 40%. 

Brittleness increased (i.e. flexibility and angle ¢ be- 
came smaller) as the current density rose, e.g., a value 
for the angle ¢ of 15° for strips produced at 1 amp. dm* 
became reduced to 7° if 5 amp./dm? was employed. 

Dissolved Aluminium.—The quantity of aluminium 
dissolved, g, naturally increases with temperature and 
above 42°C. it was found that the work (the aluminium 
anode) shows a loss in weight at all the current densities 
and all the acid concentrations employed. The quantity 
dissolved is greater in dilute sulphuric acid than in more 
concentrated acid, but the higher the current density, 
the greater is the dissolved quantity of aluminium. 
One example of interest is cited, viz., the oxidation and 
the dissolved aluminium are equal (i.e. p = 0) at 4 
current density of 2 amps. sq.dm. at 30°C. using 30% 
sulphuric acid concentration, 
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Corrosion Resistance.—From the observations made 
on flexibility and dissolution of aluminium, it is evident 
that there cannot be a linear relationship between the 
protective quality of the film and conditions of tempera- 
ture, current density and acid concentration. As 
measured by the empirical test time ¢, the protective 
value of the film possesses maxima at some medium 
values for these variables. The indications are that 
10 to 20% acid concentration is the most favourable 
range, although the inter-relationship with temperature 
and current density is more complicated. An example 
is given of a maximum ¢ value at 70°C. with 0-5 amps. 
sq.dm. in 20° sulphuric acid electrolyte. 


TABLE 1. 
CONDITIONS WHEN COATING IS EQUIVALENT TO 
STANDARD COATING, 


Current Density Temperature, °C., required to obtain :— 
ent Dens 
HosO4% amp /dm,? 


Standard q Standard @ Standard ¢ 
Ww 2 21 27 23 
" is 2s a0 below standard 
0 ay »D 32 25 


0 D so 37 below standard 
0 l 20 20 20 


a) 2 8 34 21-30 
“0 Bs) 33-5 iD below standard 
1 1 2¢ 36-5 <i 
1 2 29 Ww <i 
3 l 29 4-5 <i 
2 } 33°5 aT <i0 


Table I contains data presented in an interesting man- 
ner. It shows conditions for a range of acid concen- 
trations each operated at two or three current densities, 
and with the 1200 coulomb requirement maintained 
constant. For each individual set of conditions, the 
temperature required to give values for each of qg, ¢ and 
t identical with those given by the standard operating 
isrecorded. It can clearly be seen that under no other 
single set of conditions can the standard results be repro- 
duced. Consequently, a compromise must be made 
but one such that quality is not materially affected. 
Probably the most important quality is protective 
capacity, so that it must be given first consideration. 
Close upon this characteristic is the flexibility ¢, and 
in some cases this may have to be given priority over f¢, 
according to the nature of the work and its service 
functioning. 

The quantity of aluminium dissolved cannot be 
overlooked by any means. Primarily it will influence 
dimensions ; at no time can excessive reduction in 
thickness be tolerated, nor excessive local attack. In 
some cases, dimensioning may be very close and serious 
attention must then be paid to g. However, as soon 
as g becomes equal to, or greater than p, it is to be ex- 
pected that the protective value ¢ will be seriously 
influenced. Apart from this consideration, if q is 
allowed to rise excessively, then acid consumption, 
increases correspondingly, and process maintenance 
and control rendered more arduous. 

Finally, in Table No. II, the authors suggest alterna- 
tive conditions for producing the coating more speedily 
than in the standard manner. It will be seen that they 
give three possibilities, each for 10 minute operating, 
Le., a reduction of processing time to one half of the 
standard. This of course signifies twice the output 
from the same plant or half the plant for the same 
output. This should involve reduced labour, although 
hot half of course because the same amount of handling, 
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TABLE IL. 
SUGGESTED CONDITIONS, 
| | 
| } j 








rime of Current | 
No H S04 ( Anodising | Density q eg | 
% min. }amp./dm.?  gm./dm,? min, 
l 30 lo 2 | 0-008 13 
» 20 10 | 2 | 0-007 13°5 
5 lo 10 » 9 14 
15-5 





Standard | 20 | 20 20 1 0-01 


racking, precleaning, and so forth is entailed. Likewise 
it means a reduction, in overheads on account of smaller 
plant investment and maintenance, and less floor area. 
It will be seen that with the suggested rapid procedures, 
the dissolved aluminium q is satisfactory in two instan- 
ces, the flexibility angle ¢ is sacrificed a little but is 
comparatively very good, and likewise protective quality 
is reduced a little. For the more rapid processes, it 
is seen that the current density is increased to 2 amps. 
sq.dm. in order to maintain the coulomb value with the 
reduced time of 10 minutes. The increased speed is 
secured by using higher temperatures with corresponding 
adjustment in acid concentration. That is, acid 
strength is increased to 30° and temperature to 26°C. 
or reduced to 10°, and temperature increased still 
higher to 37°C. The first combination means provision 
of more heating and more acid loss by drag-out ; the 
second further heating but less drag-out loss. The time 
saving should offset these drawbacks by a very wide 
margin. 

That it is possible to change the process variables 
and select a suitable combination is fairly well known, 
at least to all technicians concerned with anodising. 
Detailed appreciation of the corresponding influence on 
the quality of the film as demonstrated by the Russian 
authors is not so well known. The object in presenting 
this critical consideration has been not only to show the 
U.S.S.R. interest and soundness in the subject, but to 
give a picture of the methods by which the problem was 
tackled and the results achieved. 





Swedish Ore Detector of New Type 
AN invention or discovery made some years ago for 
scientific purposes in photochemistry by the Swedish 
scientist, Dr. Hans Biickstrém, has latterly proved to 
be of unexpectediy practical use. He designed a filter 
which, when placed in front of a quartz lamp, isolated 
the shortwave ultra-violet rays. This apparatus is now 
used by Swedish miners in searching for rare minerals, 
and by this means has been found, inter alia, Scheelite, 
which contains tungsten. The method is further used 
for tracing faded writing in old parchments, and for 
examining counterfeit notes, forged documents, and 
signatures on faked paintings and the like. 

Scheelite looks very like other minerals in the mines, 
and on that account is very difficult to find, but by 
throwing the light from the lamp on the mine 
walls it is possible to locate it. It was first tried in 
Boliden mines, but the method is now used ‘in several 
places. 

In the case of faded documents, the weak residue of 
the ink does not let through the rays and this causes 
the letters to stand out legibly against the blue-white 
ground of the parchment when illuminated. 
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Determination of Copper in 
Aluminium and Magnesium 
Alloys 


NTERNAL electrolysis without the use of a 
I diaphragm to separate the anode and cathode com- 
partments has been applied by Blok, Shumilova and 
Gorskaya! to the determination of fairly large amounts 
of copper. The method associated with Lurye and his 
co-workers? had restricted its claims of accuracy to the 
determinations of small amounts of metals such as occur 
as impurities in alloys. For larger proportions a 
diaphragm was considered to be essential. Chernikhov,* 
using a diaphragm, avoided the cementation of the 
anode and obtained excellent results with all con- 
centrations of the metal under consideration. Blok, 
Shumilova and Gorskaya describe how, by means of 
rendering the surface of an aluminium anode passive 
in a sulphuric acid bath, they were able to determine 
contents, 0-1 to 5% of copper in aluminium alloys, 
duralumin and silumin, in 1939 and subsequently applied 
the method to the analysis of magnesium alloys. 
The set-up is illustrated in Fig. 1. The anode 
is aluminium sheet which they cleaned with 
emery paper and caustic soda. It was dipped 
for one minute in 30% caustic soda, washed 
thoroughly with water and then attached by 
means of a clamp to a previously washed, 
dried and weighed platinum gauze cathode. 
After this the electrode pair was immersed in 
the sulphuric acid solution of the alloy 
being tested, the temperature of the 
solution being 60-80°C (not higher). 
At the end of two hours the electrodes 
were parted the cathode quickly washed 
with water, dipped in alcohol, then in 
ether, dried over a hot plate on a sheet 
of asbestos, left in the air for about 10 
mins. and weighed, 

Table 1 gives results obtained on pure salts. Table 2 
gives some of the results obtained on aluminium alloys 
containing Q-2 to 0-8 per cent. of copper. The results 
are compared with those obtained by electrolysis with 
an external current. The means in the first case have 
been calculated from 12-16 results. 








rABLE 1, 


Copper taken (",) Copper found (°,). 


Mean, 
Mean, 
Mean, 


0-52; 0-52: 0-50; 
O-S7T: OST: 


1-00; 0-99: 


O-o0: O-48: O48: ODO 
O-S6: 
O-98: 0-09: 


o-oo 


O87 OSD: O-S7: 


1-00; 0-09: 


O-S8: O87 


1-00 1-02 : 


Coppering. 
tnternal electrolysis 


Coppering. 
External current, 
O-O022; O-O020: O-0022; O-0021; O-0019:  0-0019 : O-O020 ; O-R2 
Mean, 0-0020, 
0-00-40 20-0038 : 
Mean, 0-0089, 
0-O084 : 
Mean, 0- 0085, 


0-O020: 
O-OO2 0: O- O08, Mean, 0-021, ) O-0019 0, 
O-0042: O- 0040.0 -0042: 0-0042: O-0038: | O-0038 
Mean, 0-0041, | 00-0040, 
OOS2; 0 - 0089; 00086; O-0085;, 0 - 0086: 
Mean, 0-0085, 


70-0040. 
O-O042; 0- 0041 


O-O084; O-0085 ; O- 0086: 


O- O08 4: OUS6, 0-0085, 


Table 3 
about 4°5° 


gives results obtained on alloys containing 
y ryr . . 

» Of copper. They are set out in comparison 

1, N. L. Blok, N, A, Shumilova and N, F. Gorskaya, Zavod, Lal 

2. Yu. Yu. Lurye and L. V. Ginzburg, Zavod. Lab., 1938, 7, 5 
Yu, Yu. Lurye and M, N, Troitskaya, Zavod. Lab, 1936, 

Tranasctions of the All-Union Analytical Conference, vol. 1. 

Yu. A. Chernikhov, Berl-Lunge, vol, IT, part Il, section I, p. 


» 1941, 10, 28-31. 
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with those obtained using an external current and also 
with some obtained using a diaphragm (a colloidal 
membrane round the anode). The results showed that 
a diaphragm was superfluous and that the method of 
internal electrolysis was just as accurate as that which 
employs an external source of current. 

Table 4 gives results obtained for silumins and Table 5 
results for magnesium alloys containing 0-08 to 0-4% 
of copper. 

TABLE 3. 
, - Duralumin — g. of copper found. 
intel 

a Int. elect, (diaphragm) | Int.elec(no diaphragm) | Ext. current 


0-0203 (mean of 5 
0-0299 (mean of 6) 


0-0392 (mean of 5) 


06-0205 (mean of 7) 0-0202 (mean of 11) 
0-0299 (mean of 6) 0-0294 (mean of 15) 

om 0-0389 (mean of 6) 
60-0416 (mean of 12) | 06-0413 (mean of 12) 
0-0435 (mean of 14) 0-0435 (mean of 14) 


TABLE 4, 

Silumin — ° of copper found. _ 

Sample eae - : 
No, Int. elec. (no diaphragm). 

” 1-46 (mean of 18 results) | 1-46 (mean of 7 results) 

10 1-43 (mean of 20 results) | 1-44 (mean of 8 results) 
ll 2-57 (mean of 16 results) 2-57 (mean of 8 results) 
12 2-48 (mean of 16 results) 2-48 (mean of 8 results) 


Elec, with ext. current. 


TABLE 5. 


7 ~ Magnesium alloys — % copperfound. 
Sample . 
No, it. elec, (ne diaphragm) Elec, with ext. current, 


0-08 (mean of 8) _— 
0-19 (mean of 10) 
0-38 (mean of 9) 
0-42 (mean of 8) 


| 0-38 (mean of.9) 
| 0-42 (mean of 8) 


Method of Analysis 


(1) Aluminium Alloys of the Duralumin Type.—One 
grm. of sample is dissolved in 30 ml. of 20% NaOH. 
When the attack is complete the solution is carefully 
neutralised with 30 ml. of H,SO, (1-5). After this are 
added 100 ml. of 2NH,SO, and, dependent upon the 
copper content of the alloy, from 1 to 4 ml. of HNO, 
(1:1). Complete solution of the copper, etc., is effected 
by warming the solution, which is then diluted to 250 ml. 
with water. A platinum gauze electrode (cathode) is 
weighed and securely joined by means of a clamp to a 
well-cleaned aluminium sheet electrode (anode) and then 
immersed in the solution, at 60—70°C in such a way that 
the joint is outside the solution. The temperature is 
maintained at 60—70°C and the copper separates on the 
cathode quantitatively in 2 hrs. The electrodes are 
then removed from the solution, washed and discon- 
nected. The platinum electrode is. washed with 
alcohol, then ether, dried in warm air and weighed. 

(2) Silumin.—One grm. is dissolved in 40 ml. of mixed 
acids: 150ml. H,SO, (1-84), 100ml. HNO, (1-4), 
300 ml. HCl (1-19) and 450 ml. H,O. The solution is 
evaporated till fumes of H,SO, appear, diluted with 100 
ml. of 2NH,SO, and heated to dissolve sulphates. 
Insoluble silicon is filtered off and the filtrate submitted 
to internal electrolysis at 60—65°C for 2 hours. 

(3) Magnesium Alloys——One grm. is dissolved in 
100 ml. of 2NH,SO, in the presence of 1 ml. HNO, (1+1). 
After complete solution, water is added to 130-140 ml., 
the solution heated to 60-65°C, the electrodes inserted 
and electrolysis continued for one and a half hours. 

In all these cases the solution after electrolysis may, 
if desired, be used for an iron determination, since the 
amount of iron dissolved from the aluminium anode 
is negligible. 
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Chromate Passivation of Zinc and 


Cadmium Surfaces 
By Frank Taylor 


Chief Chemist, J. V. Ruston (London) Ltd. 


Many parts of service equipment possessing zinc or cadmium surfaces are given a 
passivation treatment to increase their resistance to corrosion. The process may be divided 
into two treatments, but in this article attention is directed to the method in which chromates 


are applied. 


HE process of passivation as applied to zine and 
cadmium may generally be divided into two 
treatments, both of which are carried out by 
chemical immersion. The method employing chromates 
is considered in this article. The object is, of course, to 
increase corrosion resistance of the surface metal and 
chromate passivation can be produced by several 
processes. Three processes now in use are :— 
(a) Cronak. 
(b) Passival. 
(c) Rushtol Passivation ‘ A.”’ 

The basie constituents of the Cronak and Rushtol 
solutions are similar, but the Rushtol process, by in- 
clusion of controlled addition agents, has been par- 
ticularly developed for the treatment of plated surfaces. 
The Cronak formula, originally developed for the treat- 
ment of zine base die-castings is :— 


Sodium dichromate 
Sulphuric acid 


The Rushtol “A” formula is :— 
Sodium dichromate . 
Sulphuric acid 
Addition agents 
These formule are patented and subject to licence ; 
the Passival formula has not been published. Investiga- 
tion has shown that the sulphuric acid content must be 
strictly controlled. Too low a concentration results in 
slow and patchy formation of films with low corrosion 


200 grms, /litre. 
6-9 mils, /litre (Sp. Gr, 1-84) 


100 grms, /litre 
16 mils./litre (Sp. Gr. 1-84) 
15-25 grms./litre. 


resistance, whilst excess acid, necessitating a time of 


immersion so short as to be commercially impracticable, 
produces heavy loss of zinc or cadmium. The employ- 
ment of relatively high acid content in the solution with 
an efficient inhibitor, has proven to be the optimum. 
The dichromate content is not critical, but should be 
over 80 grms. /litre. 

Method of Processing. 

(a) Articles made of Zine or Cadmium Alloys.—After 
thorough degreasing and cleaning, the articles are 
immersed in the solution (contained in a porcelain or 
lead-lined vat) at room temperature (60°-70° F.) for 
10-15 sees., swilled well in cold running water, dipped in 
hot water and dried in sawdust or preferably hot air. 
The hot water used in the final dip should not exceed 
176° F. (80° C.). Boiling water tends to produce films 
of lower corrosion resistance. 

(b) Zinc and Cadmium Plated or Metallised Articles.— 
The parts are swilled thoroughly in cold running water 
to remove all traces of plating solution and immersed 
for 5-15 sees. in the passivation solution, swilled in cold 
water, dipped in hot water and dried. Delay in transfer 
from the passivation solution to the cold water swill 
(maximum time approximately 20-30 secs.) may form a 
brown, film of relatively low corrosion and abrasion 
resistance. 


Detailed information of the process is given. 
4 } g 


The colour of the film depends to some extent on the 
type of metal surface and on the time of immersion. 
Generally, the following sequence occurs :—Colourless— 
iridescent—green—golden-yellow—khaki. This change 
is more noticeable on bright zinc, but less so on matte 
zine or cadmium surfaces. 

As a general guide, the following are the colours 
produced on various surfaces :— 


Period of Immersion, 
Seconds, Colour of Film, 
Iridescent, pink-green, green, 
golden yellow. 
(Matte) 5-1! Iridescent, pink-green or 
khaki, 
- Cadmium (Bright). . Tridescent, or golden yellow, 
. ra (Matte) .. 5-15 Yellow or khaki. 
5. Hot galvanised Golden yellow or khaki, 
3. Metal sprayed zine ... 30-6 Khaki. 
. Sherardised Khaki or dark grey. 
. Zine die-castings Iridescent, pink-green of 
kahki, 


Surface, 
1, Electro-deposited Zine (Bright) 


” ” 


Variation in the colour may occur if other metals are 
present in the surface metal. Molybdenum will produce a 
purplish blue ; the presence of copper causes the film 
to become mainly green. Iridescent, pink-green or green 
films have been proven to possess relatively highest 
corrosion resistance and lowest electrical resistance. 

The solution should be carefully controlled by regular 
laboratory analyses of sulphuric acid and dichromate 
content. In the absence of laboratory facilities it is 
possible with experience to judge the efficiency of the 
solution. If the composition of the solution is correct, 
it should have a clear deep red colour. Low sulphuric 
acid content or high trivalent chromium can, be detected 
by the presence of a brown precipitate. Difficulties in 
obtaining passivation films on electro-deposited zine and 
cadmium surfaces are usually due to inadequate rinsing 
prior to immersion in the solution. This may result in :-— 

(a) Alkali from the plating solution generally 
used partially neutralising the sulphuric acid in the 
processing solution. 

(b) Zine from the plating solution reducing some 
of the hexavalent chromium to trivalent chromium. 

Slight mechanical agitation eliminates the danger of 
air pockets and provides a more uniform film. 

Films may be removed by immersion for several 
minutes in 200 grms./litre of chromic acid (sulphate 
free) or 5—-10°% by volume acetic acid. A mild alkaline 
rinse may be necessary before reprocessing. 

Spot test solutions are available for proving the 
presence of passivation, films. 

Formation and Composition of the Film.—Anderson, 
in a paper on the Cronak process, puts forward the 
following theory as to the mechanism of formation of 
the film. The zine surface is oxidised by the solution 
and thereby the hexavalent chromium in the solution 
layer is reduced to the trivalent state. Simultaneously, 
the sulphuric acid attacks the zine, raising the pH value 
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of the solution, at the surface interface. At some critical 
but unknown pH a mixture of hexavalent and trivalent 
chromium is precipitated on to the surface of the zinc 
as a basic chromium chromate of the general formula :— 
Cr,Q,;, CrQ, H,O or Cr(OH),, Cr(QH)CrO,. 

It is evident therefore that both hexavalent chromium 
and sulphuric acid are consumed in the process, and an 
adequate reservoir of both should be available. Anderson 
further states that the film has no X-ray pattern. When 
heated to 302° F. (150° C.) or higher the film has the 
pattern of zine chromate if heated in contact with zinc, 
but only the pattern of Cr,O, appears if the film is 
heated after mechanical removal from the zine. It 
should be noted that the X-ray pattern method is not 
sensitive to small amounts (5 to 10°%) of a constituent 
and the absence of a pattern for hexavalent chromium is 
not proof of absence of that material. Anderson gave the 
composition of films after drying at 230° F. (110° C.) as : 


Chromite (ROMRVAIEME). 2 cc cccccccccccseccccccece 
Chromium (trivalent) 


Sulphur (as sulphate) 





These figures are confirmed by the following results 


obtained in the Rushton Laboratories, viz :— 


Chromium (hexavalent)........ . nweesee 7 lz 


Chromium (trivalent). . 0 25 
Sulphur (as sulphate) ...... , snsnes 2 3-5 
Zine .. ee eees WITT TTiTtT Tit 2 2-5 
Sodium .... . eee ee . 7 O-2— 0-5 
WEE o ccccasccccsececceseccescecsossse 15 -20 


Additional tests in these laboratories produced the 
following figures : 

A typical film has a weight of about 0-08-0-1 grm. 
per sq. ft. of surface. The trivalent chromium will be 
about 0-022 grms., and the hexavalent chromium about 
0-009 grms. per sq. ft. of surface. Thickness deter- 
minations indicate that the film is 0-000041 in.— 
0-Q00015 in. thick, dependent upon time of immersion. 
The film has been found to be self-sealing and has 
entirely different characteristics several days after 
passivation. 

The increased corrosion resistance afforded by the film 
is due almost entirely to the leaching out of the 
hexavalent chromium. This has an inhibiting effect on 
the underlying zine or cadmium so long as there is any 
hexavalent present in that there is resistance to attack 
by corrosion. 

assivation, like all other processes, has its limitations. 
For conditions of high humidity and static corrosion 
(for example, brackish water) it is ideal, but for general 
atmospheric corrosion conditions the increase in corrosion 
resistance is not so perceptible. It is incorrect to assume 
that a thin passivated zine coating is always equivalent 
to a heavier untreated zine coating, and generally the 
thickness of the zine coating should be maintained. 
Under accelerated and outdoor corrosion tests, the new 
types of passivation have given remarkable results and 
established the value of these passivated films as a 
medium for increasing the corrosion resistance of zinc 
surfaces. 

The results of continued investigation prove that con- 
siderable research is necessary in order fully to under- 
stand the mechanism of passivation films. This research, 
and the controlled application of the process, will un- 
doubtedly greatly increase the use of passivated zine 
and cadmium surfaces. 

For a good film, attention must be given to the 
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following points :— 

(a) The solution must be kept balanced in both 
sulphuric acid and dichromate contents. 

(6) Adequate rinsing of zinc- or cadmium-plated work 
is highly desirable, if not essential, prior to passivating, 

(c) The colour of the passivation film is dependent 
upon the underlying zinc or cadmium coating. 

(d) For maximum corrosion: resistance, a green or 
iridescent film for zine and an iridescent golden yellow for 
cadmium is desirable. 

(e) Care in drying is essential. Boiling water is 
deleterious, as it tends to produce films lower in corrosion 
resistance. Warm water (not over 176° F.) and hot air 
are best methods of drying. 
POSSIBLE TROUBLES. 

Possible Causes, 


Free acid content of 
solution too low, 


Rectification. 
Add 1 pint per gallon of 
replenishment solution, 


Trouble, 

1. Zine coating un- 
affected after 15 secs, 
immersion—ie., no 
conversion, 


2. Brown, non-adherent (a) Free acid too low; (a) As 1, 
film, rubs off easily. or 
(6) Time of immersion too (6) Check immersion 
long, time. Should be not 


greater than 15 ’ 
Usual time 5-15 sees, 





3. Coating bluish in (a) Solution low in dichro- (a) Add 2 pints per gal. of 
colour, mate, or replenishment — solu- 
tion. 

(6) Solution high in (b) Solution will work 
oxidising agent. back—not detri- 

mental. 
i. Rapid attack on zine Free acid too high (this Add loz. per gal of 
plating. does not usually occur sodium carbonate. 


Should not be added 
without consulting 
suppliers, 


if instructions are 
followed). 


5. Patchy conversion (a) Inadequate swilling (a) Swill more 
(white uncovered after zine plating, or thoroughly, 


(6) As in 1 

(a) Allow thicker cin 
deposit—minimum 
according to specifi- 


(6) Too low free acid 

(a) Zine coating may be 
pierced, due to in- 
sufficient zine being 


patches). 
6. Black patches, 


deposited ; confirm by cation should be 
testing with neutral 0-0005 in., but con- 
copper sulphate solu- version will occur on 
tions—red patch in- deposits exceeding 


dicates zinc. 0-0001 in. 


(6) May be due to co- (6) If = impurities—Add 
deposited impurities in 4 oz. sodium = sul- 
zine plating; confirm phide per 100 gals, te 
as in (@). zine plating solu- 

tion, 


REPLENISHMENT SOLUTION, 

200 grms. /litte 
25 grms., /litre 
32 mils. /litre 


RUSHTOL “A” 

Sodium dichromate ..............000005: 

i Pe os cacdceaubeseeees cueus 

Sulphuric acid ... 

The author thanks his Directors for permission to publish this 
paper. 


Zinc Alloy Die-Casters’ Association 


THE first of a series of booklets to be issued by the 
above Association has just been published ; it presents 
considered views on how zine alloy die-casting serves 
industry, and describes the process in an interesting 
and informative manner. The use of zine alloy die- 
castings is not by any means new, but their use during 
the war years has increased to such an extent that one is 
perfectiy justified in saying they have revolutionised 
the mass production of many vital service components. 
The wealth of experience which has made possible the 
immense production programme is available to all users 
and potential users, especially those now considering 
post-war mass production problems in detail with a view 
to making a rapid change to peace-time activity when 
hostilities cease. 

This booklet explains how users and prospective users 
can best take advantage of this experience, and it should 
be carefully read as a preliminary to a further investiga- 
tion into the possibilities of applying the experience to 
particular productions. Copies may be obtained from 
the Zine Alloy Die-Casters Association, Lincoln House, 
Turle Street, Oxford. 
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HEMISTS everywhere in this country will have read of the recent offer by Messrs. I.C1. of 
eighty Research Fellowships with lively feelings of gratitude, although they will undoubtedly 
regard the news hopefully as merely an earnest of the “ shape of things to come.” 






Assuredly, like- 


wise, few chemists will have been detached enough to meet the news without immediately relating 


it to their own particular branch. 


There are many offshoots of chemistry which would be more 


highly developed if the wh: rewithal to provide apparaius and teaching facilities were forthcoming. 


These Fellowships look like being the beginning of the answer to such needs. 


Microchemists, 


therefore, are no more blameworthy than any other chemists if, in the last few weeks, they have 
begun to think, and to discuss with caution, the possibility of more University courses in their own 


subject. 


think it should be plugged. 


We, in these columns, may seem to have plugged this topic. 
The benefits of microchemistry to industry, while gradually receiving 


But that is only because we 


recognition in this country, have not achieved the same level as in America, where there are numerous 
industrial microchemical laboratories—probably the best known is that of the Bell Telephone 


Laboratories, which has been particularly active—as well as numerous teaching centres. 


We have 


no hesitation in stating publicly that we hope that some, at least, of the benefiting Universities will 


recognise that Microchemistry is-one of the necessitous branches of the sciences which 


* constitute 


the background of modern industry.” 


Amperometric Titration 
Part [I—Apparatus and General ‘Technique 
By J. T. Stock, B.Sc., A.R.I.C., and M. A. Fill 


The practical methods used in amperometric titration, which was described from the 
theoretical point of view in Part I, are here described, with particular emphasis on simple 
apparatus which can be applied to the technique. 


differs from ordinary polarographic practice in 

being carried out at an applied voltage which 
remains fixed during the entire operation. Accordingly, 
the electrical apparatus required is simple. It is here 
proposed to consider some of the equipment suitable for 
performing the titration. 

To permit selection of the required value of the applied 
voltage, a simple potentiometer device is used. The 
general arrangement of the apparatus is shown in Fig. 1. 
Battery B, consisting of two dry cells or a 2-volt ac- 
cumulator, serves as a source of energy. Two radio 
type rotary potentiometers, R, and R,, of resistances 
of about 1000 and 10 ohms respectively (for the latter 
an old filament rheostat was adapted), serve as coarse 
and fine adjustments of the voltage applied to the 
electrolysis system. The applied voltage is indicated 
by voltmeter V, since it is rarely necessary to know the 
value more closely than within one tenth of a volt. 
The foregoing, together with on-off switch S, constitute 
the polarising unit, and are shown enclosed in heavy 
lines. They can be readily incorporated into a com- 
pact assembly. The current flowing is measured by 
galvanometer G, the sensitivity of which is controlled 


A pointed out in Part I, amperometric titration 





by universal shunt X. 
in which a metre ~ 
bridge or similar slide 
wire is utilised has 
been described by 
Miller!. In this 
arrangement, the 
voltmeter serves 
merely to indicate 
the total voltage 
drop along the slide 
wire, this voltage 
being kept constant. 
Hence the meter 
needs to be accurate 
only at one point 
on its scale, and a comparatively cheap instrument 
may be quite serviceable. 


An alternative polarising unit 

















Fig 1.—Schematic Arrangement 
of Apparatus for Amperometric 
Titration. 


The Galvanometer 
The galvanometer G is the one spécial piece of appar- 
atus which is absolutely essential. The problems 





1. O. H. Miiller. J. Chem. Ed., 1941, 18, 111. 
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involved in the measurement of the current are twofold :— 
(i) The current is small, rarely exceeding 50 micro- 
amperes, and is usually much less. (ii) Owing to the 
growth and fall of the mercury drops, the current is 
pulsating. Accordingly, a sensitive indicator with a 
long natural period of oscillation is desirable ; a moving 
coil mirror galvanometer with a period of between 20 
and 40 secs. is recommended by Kolthoff and Lingane.? 
It was shown by Miiller' that useful results could be 
obtained using a galvanometer of 3 secs. period, and 
this has been amply confirmed by the authors. The 
oscillations, though appreciable, are perfectly repro- 
ducible, and, by using Miiller’s method of reading, there 
is no difficulty in determining the extremes of the swings. 
These short-period instruments are usually of the taut 
suspension pattern, not requiring careful levelling. 
They are sometimes built into a cabinet containing the 
projecting lamp and reading scale, a most convenient 
arrangement, since no setting-up is required. How- 
ever, such instruments, although common in physical 
establishments and teaching institutions, may not be 
readily available in laboratories whose principal concern 
is chemical analysis. 

Even when using a galvanometer of optimum charac- 
teristics, there are certain occasions when the oscillations 
of the spot of light become excessive. The problem was 
studied by Lingane and Kerlinger.* Briefly, their 
method of reducing the magnitude of the oscillations 
consists of connecting an electrolytic condenser of 
2,000 microfarads capacity across the galvanometer 
and shunt, as shown at C in Fig. 1. A similar arrange- 
ment was described by Neuberger,’ who showed that a 
pointer-type microammeter could be used in place of a 
mirror galvanometer. Lingane and Kerlinger*® pointed 
out that the damping effect depends upon the nett 
parallel! resistance of the galvanometer and shunts, 
and is least when this resistance is low. A value of 
about 3,000 ohms is generally desirable. The actual 
value of the parallel resistance of course varies with the 
setting of the shunts, being smallest at maximum and 
minimum sensitivity. Experiments carried out by the 
authors® confirmed that little benefit was obtained 
when applying this method to galvanometers of low 
resistance (less than 1,000 ohms). By the simple ex- 
pedient of breaking the connection between Y, and Y, 
in Fig. 1, and introducing a variable resistance, the nett 
resistance may be increased to any desired value, and a 
suitable degree of damping obtained. A radio-type wire- 
wound 5,000 ohms variable resistor serves very well. 
More damping than is necessary should not be used, as 
the response of the galvanometer becomes very sluggish 
when the damping is excessive. It is possible to 
eliminate almost completely the oscillations when using 
a galvanometer of 3 secs. period. 

In Wheatstone bridge work, determination of pH 
values, ete., combined pointer-and-mirror galvano- 
meters are frequently used. These are listed by several 
makers, and are very robust, portable and cheap. When 
the mirror is used to reflect a spot of light on to a scale 
one metre distant, they have a sensitivity of about 
0.1 microampere per millimetre. This is ample for 
most general work. However, owing to the short 
suspension of the taut type, the period of this class of 


M. Kolthoff and J. J. Lingane. “Polarography,” Interscience Publishers, 
, New York, 1941, p. 218. 
gane and H, Kerlinger 

wer, Z. anal, Chem., 

amd M, A. Fill, 


Ind. Eng. Chem., Anal. Ed., 1940, 12, 750. 


1939, 116, 1. 


Unpublished experiments. 
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instrument is only a little over one second. When used 
with a capillary flowing at the usual rate (about one drop 
per 3sees.), the oscillations of the spot of light are so 
violent that it is absolutely impossible to estimate the 
deflection. Since the resistance is usually below 100 
ohms, direct application of a condenser to these instru. 
ments is of little avail. However, by increasing the 
nett resistance in the manner described; the oscillations 
are much reduced, and no difficulty is experienced in 
obtaining the reading. When desired, a variable re. 
sistance may be connected across the terminals of the 
galvanometer to act as a shunt and hence to decrease 
the sensitivity. It should be mentioned that the 
electrolytic condenser needs to be of good quality, and 
that care needs to be taken not to connect it in the cir- 
cuit the wrong way round. The positive lead or terminal 
is usually marked very plainly. It is not suggested that 
the arrangement described is superior, or even equal to 
the use of a more expensive instrument possessing the 
desirable natural characteristics. Useful results can 
be obtained at small outlay, and, should considerable 
work be projected, the acquisition of a more suitable 
instrument would follow naturally. 


A Counter-Current Device 

We are now carrying out experiments on titration 
in the presence of certain easily-reducible substances, 
which, although not taking part in the precipitation 
reaction, contribute largely to the diffusion current. 
The difficulty is similar to that encountered when, a small 
polarographic Wave has to be measured, being preceded 
by a large, undesirable one. In such cases, it is usual 
to eliminate the diffusion current of the large wave by 


° 


Fig. 2.—-Control Unit. 
Applied Voltage, Main Battery Switch 
” P line. 2 — Damping Switch. 
Damping Adjustment. » | Compensating device 
Compensating, fine, 4 switches, 


coarse, 


= 


t coarse. 


passing a small, controlled counter- or compensating- 
current through the galvanometer in opposition to the 
flow of current in the electrolysis system.6 By this 
means, a higher galvanometer sensitivity may be used 
to examine the desired small wave. In such cases, even 
with galvanometers of characteristics which are normally 
suitable, the oscillation of the spot of light may become 
excessive, so that auxiliary damping becomes most 
desirable.2 Accordingly, it was thought useful to i- 
corporate controls for polarising, damping, and com- 
pensating into a single unit, which is illustrated in Fig. 2. 
The circuit arrangement is shown in Fig. 3. Almost 


6. H. Hohn. Z. Elektrochem., 1936, 43, 127. 
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without exception, the components used were obtained 
as radio spares through the usual channels. Switch 8, 
permits the damping device, and with it, the auxiliary 
resistance R,, to be cut out of the circuit, while switches 
S, end S,, which are operated together by a single knob, 
eliminate the compensating device when desired. This 
piece of apparatus has been in use for several months, 


and the welcome e 
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absence of straggling 
wires has amply re- 
paid the time of 
assembly. 


G 


Titration Cell + 
Re S2 


‘ 


A convenient cell B. 
assembly for carrying + 
out the titration has 
been described by S3 
Kolthoffand Langer.? 
This is particularly 
suitable for routine 
work involving fairly 
large volumes of 
solution. The use 
of the dropping 
mercury electrode 
not only permits very 
dilute solutions to be 
examined, but also 
very small volumes 
of such solutions are — fis— 1") ohms. ; 
needed to carry out s— 5,000 ,, I 

° . . 1 megohm. \ 
an analysis. Cells of 5 —50,000 ohms. 
2 ml. capacity are i100 ” , . 
regularly employed ; 
in normal polarographic work, while in extreme cases 
a volume of solution as small as 0.005 ml. may be 
examirned.® With a cell of suitable design, there is no 
reason why small volumes of solution should not be 
titrated amperometrically. 

















Ss, + 
nent 
Fig. 3.—Circuit Arrangement 
ef Control Units. 


2,000 mfds. 
2-3 volts, 
1-5-2 volts, 
Voltmeter. 
CGialvanometer. 
Electrodes. 
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The authors® have described a simple cell constructed 
from a boiling tube, in which portions of about 5 ml. of a 
solution may be examined, and have titrated quantities 
of less than 50 micrograms of various metals with this 
apparatus. Fig. 4 shows some results obtained by 
titrating larger quantities of nickel with alcoholic 
dimethylglyoxime solution, using the conditions recom- 
mended by Kolthoff and Langer.’ Curve I represents 
the titration of 0.583 mg., and Curve II of 
0.291 mg. of nickel, results being accurate to within 
about 1.5%. 

By reducing the volume of solution to less than 1 ml., 
it should be possible to titrate quantities of a few micro- 
grams of metal. Fig. 5 shows the cell devised for this 
purpose. It consists of three main, parts, viz., the cap A, 
ground into body B, and the solution container C. 
Several solution containers are provided to permit the 
titration of a series of samples, the ground joint to B 
allowing ready interchanging. Dropping electrode D 
passes fairly snugly through the cap and is held in the 
correct position by a sleeve of rubber tubing. Similar 
sleeves retain the outlet of the micro-burette E and the 
gas tube F. As shown in the cross sectional view at X, 


M. Kolthoff and A. Langer. J. Amer. Chem. Soc., 1940, 62, 211. 
Majer. Mikrochemie, 1935, 18, 74. 
A, Fill and J. T. Stock, Analyst, 1944, 69, 173, 
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Mis» 0-02M> DIMETHYLGLYOXIME ADDED 


Fig. 4.—Titration of nickel with dimethyl 
glyoxime solution. 


the tips of the burette and gas tube are arranged tan- 
gentially. In this manner, the solution is given a spinn- 
ing motion, which not only makes for rapid mixing, but 
also permits the speedy elimination of dissolved oxygen 
without the need of thrusting the tip of the gas tube 
deep into the solution. Spurting and foaming are thereby 
much reduced. The nitrogen or hydrogen bubbled 
in through F makes its escape through a trap attached 
to the side tube of A, 
the narrow annuler 
space surrounding 
the dropping electrode 
being quite sufficient 
to allow this. Con- 
tainer C is filled with 
mercury to a mark 
etched on the walls. 
The solution (0.5-1.0 
ml.) is then introduced 
and C is attached to 
the remainder of the 
apparatus. Electrical 
connection is made by 
platinum wire G, which 
dips into the mercury. 
Passage of gas for about 
2 mins. is ample to 
remove dissolved 
oxygen. The desired 
voltage is then applied 
and the titration 
carried out as usual, 
passing the gas stream 
for about a minute after each addition of reagent. 
After completing the titration, container C is detached, 
the tips of the capillary, gas tube and burette mopped 
with a strip of filter paper, and another previously filled 
container at tached. At the end of a set of titrations, 
the gas tube and burette are readily detached, when the 
capillary may be allowed to flow into dilute nitric acid 


MMA 


C — Ax 


Ay 


Fig. 5.—Cell for the titration 
of small volumes of solution. 
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before rinsing, drying, and stopping the mercury flow. 
Attachment of an empty container effectively prevents 
damage to the capillary. 

When carrying out prolonged titrations, as in plotting 
a large number of points on the titration curve, or as in 
dealing with precipitants which are somewhat sluggish 
in action, it is advantageous to cut off the turned-up 
connection-tube of C, and to attach a small mercury 
reservoir by means of boiled-out rubber tubing. This 
ensures that the mercury drops falling from the capillary 
will not cause an excessive rise in the level in C, eventu- 
ally short-circuiting the dropping electrode. In normal 
work, however, the amount of mercury issuing is in- 
sufficient to warrant this modification. 

Various titrations have been carried out with this 
cell, including some in which very dilute solutions and 
reagents were used. Fig. 6 shows some curves obtained 
in the titration of copper with 0.001 M a-benzoinoxime 
solution using the ammonia-ammonium chloride sup- 
porting solution recommended by Langer.!® Curve I 
was obtained with 9.2, and Curve II, with 6.3 micro- 
grams of copper, the volume of the solution being 0.7 ml. 
in both cases. The readings of the current were cor- 
rected for the diluting effect of the added reagent as 
indicated in Part One. The results are accurate to 
within about 5°, and this could doubtless be improved 
by using a micro-burette with finer graduations than 
the one available at the time the experiments were made. 
When adsorption on the precipitate can be shown not 
to interfere, a dyestuff or similar non-viscous maximum 
suppressor should be used in preference to gelatin, etc. 
The tendency to foam is thereby much reduced. 
inal, Ed., 1942, 14, 283, 


10, A, Langer, Jad, Eng, Chem., 
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+ MLS 0-001M «-BENZOINOXIME ADDED 
Fig. 6.— Titration of copper with a-benzoinoxime 
solution. 

In this short article, it is hardly possible to survey but 
a fraction of the practical aspects of amperometric 
titration. It is hoped, however, that the few points 
discussed indicate the nature of the problems encoun- 
tered in putting this newcomer to use, and of the results 
to be obtained when conditions are satisfactory. 





A Useful Device for Inorganic Qualitative Micro-Analysis 
By R. Belcher 


often 

to reduce the bulk of a_ solution by 
evaporation, and in certain cases to evaporate completely 
to dryness. This is usually achieved by either heating 
the solution on a microscope slide or in a centrifuge 
cone. Both methods have certain disadvantages. When 
evaporation is done on the slide, great care must be 
exercised to prevent the solution from spreading, other- 
wise when the residue is redissolved prior to testing, so 
much solvent must be used that the limiting concentra- 
tion of the test may be exceeded. With the cone the 
evaporation has to be done by allowing a jet of hot air 
to impinge on the surface of the solution, since if the 
heating is done from below the liquid would be ejected 
from the tube. 

The “spoon” described in this note has been found 
useful for many evaporations usually carried out on the 
slide. It is especially useful for evaporating solutions 
prior to carrying out confirmatory tests which are then 
done in situ. The “spoon” can be made by anyone 
possessing only a rudimentary knowledge of glass. 
working. 

A slight bul) is blown on a piece of glass tubing about 
5 mm. internal diameter (Fig. a). A notch is made with 
a sharp file halfway up the bulb (Fig. 6), and a tiny 
flame (from a drawn-out capillary connected to the gas 
supply) allowed to impinge on the notch until it cracks. 


ie qualitative inorganic micro-analysis it is 
necessary 


The crack is led completely round the bulb and the 
bottom portion then removed (Fig.c). The edge of the 
bowl thus formed is then ground smooth on a glass plate 
with carborundum powder. A piece of the same glass 
tubing is then drawn out in a Bunsen flame and the end 
heated until a fairly large solid ball forms on the end. 


OOO 


wy ~ 

d CT 

am e 
This is heated in the flame whilst the edge of the bow! 
held in tongs is heated simultaneously (Fig. d). When 
the glass is sufficiently soft the edge of the bow! and the 
end of the glass tube are pressed together and rapidly 
pulled apart. The tubing is then cut and the edges 
fire-polished to give the finished ** spoon ”’ (Fig. e). 
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Controlled Atmospheres for Bright 
Hardening 


By C. E. Peck 


HE development of numerous new 
alloys which require very careful 
control of the many variables associ- 
ated with temperature and quenching 
has added many new and interesting 
problems to the heat-treatment of 
metals, of the important 
phases deals with the surface condition 
of the steel being hardened, with par- 
ticular attention given to closer control 
carburi: ation, 
of a 
few 


and one 


of decarburization or 
together with the attainment 
clean, scale-free surface. As 
atmospheres have been successful and 
broadly applicable to steels of widely 
varying carbon or alloy content or 
temperature conditions, consideration 
is given to the fields of use of some of 
the most varieties, with 
special attention to separately pre- 
reacted fuel gas 


successful 


pared, completely 
atmospheres. 
Separately prepared 
are produced by partial combustion of 
fuel gases under controlled conditions. 


atmospheres 


Experience gained in recent years in 
the development of atmospheres suit- 
able for bright hardening have shown 
conclusively that the atmosphere re- 
quired, if decarburisation is to be 
prevented, must be very low in CO, 
and H,O, no matter how it is produced, 
and no matter what source of fuel is 
This be carried out in 
ways, successful 
commercial application is to complete- 


used can 


various and a most 
ly react the proper air-gas mixture by 
controlled heating in the presence of a 
The which take 


place to produce such a gas, assuming 


catalyst. reactions 
methane as the full gas are as follows: 

CH, + 30,+1-88N,—> CO + 2H, 

+ 1-88 N,. 

This gas consists of approximately 
40°, H,, 20% CO, 0-5% methane, 
9° CO,, a dewpoint of —10 to —15 
deg. F., the balance N,, and since it is 
prod 


0 


ed at high temperatures and is 
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to all practical purposes in equilibrium, 
there is very little change in com- 
position of the gas when 
furnace equipment unless considerable 
impurities are allowed to enter into 
the furnace during handling of the 
work. 

4 


used in 


carbon pressure of the gas atmosphere 
at various heat-treating temperatures 
and to correlate these values of carbon 
pressure with the equilibrium carbon 
content of the steel over a wide range 
of carbon content. 

A summary of the results of such an 
investigation at various temperatures, 
using plain carbon steels, is shown in 
Fig. 1. From the curve at 1040°C. a 
gas atmosphere surrounding the steel 
which would give a resistance of 1-7 
ohms on the hot wire gauge will be in 
equilibrium with steel of approximately 

0-3% carbon. At this same 
resistance, therefore, with the 





same gas surrounding the steel 
at 815° C., the same gas would 





equilibrium with a 


be in 
piece of steel containing 1- 1% 





Ones [10-IN LING TM. 


earbon. It has to be noted, 
however, that the rates of 
decarburisation or carburisa- 





1 


tion and the equilibrium car- 


bon contents of the various 





alloy steels are not necessarily 
quite the same as those for 


























straight carbon steels. 
In general, for the large 
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Fig. 1.—Variations in carbon pressure 


with temperature. 


The idealised solution to the problem 
of hardening a piece of high carbon or 
alloy steel without decarburization, 
earburization, or oxidation is to sur- 
round the piece at its hardening tem- 
perature with an atmosphere which is 
in chemical equilibrium with the 
carbon content of the steel and which 
will not oxidise the surface. As an 
atmosphere which is close to being in 
equilibrium with the steel at hardening 
temperatures is always non-oxidising, 
the problem of oxidation can be elimi- 
nated entirely, except with the high- 
chromium stainless steels, and only the 
surface charges in carbon content need 
be considered. If a change in surface 
content of steel is to be prevented 
during heat-treatment it is necessary 
that the carbon pressure of the furnace 
atmosphere be maintained at a value 
about equal to that of the steel. With 
an instrument of the hot wire gauge 
type it is possible to evaluate the 


i, group of steels of the alloy 
type, which are hardened in 
the neighbourhood of 790° to 
845° C., the carbon pressures 
of the gas do not require to be nearly so 
high as for the more special steels re- 
quiring much higher hardening tem- 
peratures. In these lower temperature 
ranges it is also practical to heat-treat 
with a wider range of carbon pressure 
and still not show any particular ten- 
dencies for marked decarburisation or 
earburisation. With heat-treatment of 
high-speed steels at high hardening 
temperatures, such as 1230° to 1290°C., 
the carbon pressures required are much 
higher, necessitating a higher methane 
content in the product gas. This is 
particularly important with tungsten 
high speed steels, where the use of a 
high reducing atmosphere keeps the 
surface very clean during hardening, 
and any decarburising action is ac- 
celerated greatly by reason of the fact 
that there is no slight oxide film to 
the from the 
surface. With the molybdenum types 
of high speed steel, high reducing 


protect loss of carbon 
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atmospheres are more successful and 
the extremely high carbon pressures 
required for tungsten steels are not as 
Steels harden in 


air, as compared to.a liquid quench, 


necessary. which 


and which contain large amounts of 


chromium are subject to some oxida- 


tion when hardened in a completely 


reacted fuel gas atmosphere. In many 
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practical applications the amount of 
oxidation is not serious and the atmo- 
sphere is suitable, but if the require- 
ment is for truly bright hardening, 
with very small or no oxidation, then 
the only atmosphere which can be 
used = successfully is dissociated 
ammonia, containing 75% hydrogen 
and 25%, nitrogen. 


Principles of Heat-'Treating Steel 
By Prof. Harold L. Walker 


TEEL is defined as an alloy of iron 

and carbon, usefully malleable as 
cast. The phrase, “ usefully malleable 
as cast,’ serves to exclude grey, white, 
and malleable cast irons. For practical 
purposes the lower content of carbon 
in steel may be limited to 0*05%, 
From the theoretical point of view the 
upper limit of carbon may be taken 
as 1°75, corresponding to the maxi- 
may be 


mum amount of carbon that 


held in solid 
temperature. Excepting for tool steels 


solution in iron at any 
there are few steels that contain more 
than 1-0° 
upper limit is about 1+25% of carbon. 


» of carbon, and in these the 
There are some special purpose steels 
that have a different type of carbide 
and are not considered in this paper. 

The iron-carbon diagrams, shown in 
Fig. 1, deals only with the constitution 
of the iron carbon alloys and not with 
their structure ; it represents steels in 
The 


iron-carbon diagram is the foundation 


a condition of equilibrium only. 


upon which all heat-treatments of plain 
The 


diagram cannot be used to determine 


carbon steels are conducted. 
correct heat testing temperatures for 
alloy steels ; these must be determined 
by actual experience with particular 
steels, reference to more complex alloy 
tables of 


systems, or reference to 


critical temperatures, 

The mechanical properties of steel 
controlled by — the 
altered 


are primarily 


structure, which may be 
cold - working, or 


heat-treatment, 


mechanically by 
altered thermally by 
normalising, or 
The usual 


such as aaoanealing, 
quenching and tempering. 
heat 


annealing, to improve ductility, with 


aims of these treatments are ; 


a decrease in strength; normalising, 


to produce a reasonable ductility with- 
out appreciable sacrifice in strength ; 
and quenching wd tempering, to pro- 
combination of strength, 


cluce Scvriie* 


From (» 
vol, 41, No, 24, 


ersity 144, 


f lilinois Bulletin, June 6, 


ductility, and hardness to meet definite 
requirements. 

Generally, the term annealing refers 
to full has for its 


annealing, and 


principal purpose the refinement of 


grain size and improvement in ductility 
though other alterations in properties 
from the heating and 

The temperature for 
full annealing depends upon the carbon 


may result 


cooling cycle. 


compositions, as indicated in Fig. 1. 
The top annealing temperature in it 
applies to wrought steels and should 
be adjusted upwards approximately 
100° F. for steel castings. The adiust- 
ment in temperature is necessary in 
order that beneficial changes in strue- 
ture may be accomplished, which in 
the case of wrought steels has been 
by the hot- 

operations. 


partially accomplished 
forging 


The first requirement for full anneal- 


working at 


ing is to heat the steel uniformly 
throughout to a temperature slightiy 
above the critical range, in so doing 
the previous structure is completely 
replaced by one of fine grain size. No 
rules regarding the time for heating 
can be given unless the factors of size, 
shape, mass and quantity charged into 
the known. 


the heating rate should be such as to 


furnace are In general, 
avoid injury to the material through 
excessive thermal and transformation 
Uniformity of proper tem- 
perature is the ultimate aim of the 


Stresses, 


heating cycle. 

Full annealing requires a slow rate 
of cooling, viz., furnace cooling or 
Furnace cooling, 
the 
maximum softness, the tensile strength 
yield strength their 
lowest, and the elongation and redue- 
near their 
maximum values. In insulated cooling 


insulated cooling. 


properly carried out, produces 


and being at 


tion in area to be at or 
the steel parts are removed from the 
furnace and covered with ashes, lime, 
sand, or similar material, or they may 
be insulated in a pit. The mechanical 
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properties will be similar, so long as 
the cooling rates are similar. 
Normalising is defined as the opera. 
tion of heating steel to approximately 
100° F. above “the critical range end 
still The essential 
difference between normalising and 
full the difference jn 
cooling rate, though there may be a 
difference in the temperature to which 
the material is heated. The structure 
produced during a cooling cycle from 
a temperature above the critical range 
depends upon the rate of cooling. 
Therefore, the structure of a given 
steel] after normalising depends upon 


cooling in air. 


annealing 1s 


the mass of the part undergoing treat- 
ment. 

Spheroidising is defined as any pro- 
cess of heating and cooling steel that 
produces a globular, or 
spheroidised form of carbide. Ordinari- 
ly this treatment is restricted to 
hypereutectoid steels (steels containing 
more than 0-75°%, carbon) to improve 


rounded, 


machinability or to assure a uniform 
hardness developed in a subsequent 
hardening operation. Medium carbon 
forging however, 
spheroidised to produce 
ductility, without 
strength. 

The heat-treating cycle to produce 
usually a simple 


steels, have been 
maximum 


regard to tensile 


spheroidisation is 
sub-critical anneal in the range of 
1250° to 1300° F. The time of anneal 
will vary with the mass of the work 
and the particle size of the carbide. 
Fully annealed steels require a longer 
time than with normalised steels, and 
steels that have been quenched from 
above the critical temperature will 
require the shortest time for complete 
spheroidisation. 

A word of caution needs to be given 
about spheroidising for machinability, 
Machinability is increased in the high- 
carbon steels only and may be, and 
usually is, decreased in the medium- 
and low-carbon steels by this process. 

Steels are generally quenched to 
improve hardness, strength or tough- 
ness, and less frequently, the machina- 
bility of low carbon steels. Except for 
the machinability, 
steels are seldom, if ever, used in the 


improvement of 


as-quenched condition, but require a 
reheating operation, and the tempera- 
ture of reheating from 
hardening to strengthening and to 
toughening. Quenching of steels is one 
of the most important, yet one of the 
least heat-treating 
operations. 

The object of quenching is te 
suppress the normal pearlitic tras- 


increases 


understood of all 
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/; Deita Iron 
and Austenite 


2555 Fi (1400 C 


Austenite; 
Solid Solution 
of Carbide in 
Gamma Iron 


Change in Magnetism of 

Iron on Heating and n 
A,1420°F. (77 

Pearlite : 

Fate! + + es + Fale! 

Ferrite 


FIGURE 1. 


formation in steel to a given depth 
below the surface or throughout the 
utire cross section of the piece. The 
flect of the 
lepends, in general, upon the consti- 


quenching operation 


tutional changes involved in the steel, 
ipon the mass and composition of the 


steel, and upon the cooling effect of 


the quenching media. To suppress the 
lormation of pearlite it is necessary to 
00] from the initial temperature akove 
the critical range down to a tempera- 
ture of about 950° F. at a rate exceed- 
ng the critical cooling velocity. If the 
voling rate is moderately rapid below 
0° F. no change will take place until 
the upper limit of the martensite range, 
ibout 450° F.. 
through the range the austenite will 
these 


Is reached. On cooling 


transform to martensite. If 
wnditions are realised the steel de- 
tlops its maximum hardness in -its 
uenched condition. The different 
uenching media have different rates 
fcooling in these temperature inter- 
als, 

medium- and 


Proj ly 


quenched 


Pearlit 


(Of Taal alah 
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Sing fe 


Mushy Stage 


Austenite in — 
Mother Liquor 


2065° F. (1130°C.) 
Solidus, Cementite 
Eutectic Freezes 


—— Austenite, 
Ledeburite and 


—— Cementite >——7— 
| | 


+ Cementite and 
Ledeburite 


| 


++ oo + 


e 


Cementite, Pearlite 
st and Transformed —-+ 
Ledeburite | | 
+ +. ot Te 
| I 
Change in Magnetism of Cementite 
] on Heating and Cooling | 
| | 410° F. (210°C.) 


lron-carbon Equilibrium Diagram. 


high-carbon steels possess a marten- 
sitic structure, high hardness and 
usually a marked brittleness, which 
may be intensified by the internal 
stresses introduced in quenching. 
Beeause of the high brittleness and 
internal stresses the quenched steels 
are almost invariably given a temper- 
ing heat-treatment to relieve’ the 
stresses and increase the toughness. 
The phenomena of tempering can 
best be 


the changes taking place where mar- 


understood by enumerating 


tensite is heated : 
1. Low-temperature tempering, i.e., 
210° F., 


tetragonal lattice to martensite having 


changes the body-centered 
a body-centered cubic lattice. Carbon 
begins to separate from solid solution 
in alpha iron and forms cementite, 
Internal stresses resulting from quench- 
ing, and volume changes accompanying 
alpha 


the decomposition of solid 


solution, are partially eliminated. 
2. On tempering to 475° F. the pre- 
cipitation of carbon to form iron 


carbon begins to coalesce into spher- 
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oids ; however, the spheroid particle 
-ize is too small to be detected with a 
microscope. Any retained austenite in 
the structure begins to break down at 
about 425° F. 
does not break down into martensite 


The retained austenite 


but forms an isothermal decomposition 
product which has been called primary 
troostite or tempered martensite by 
various There is a 
further relief of internal stress and 
growth of carbide spheroids. 

3. Heating to 650° F. completes the 
decomposition of alpha solid solution 
at approximately 575° F. — Retained 
austenite 1s completely decomposed at 
650° F. There is further relief of 
internal stress and the spheroids of 
carbides are barely visible under the 


investigators. 


microscope at the highest magnifica- 
tions, using a high numerical objective 
lens. 

4. Heating at 1250° F. completes 
the relief of internal stress at approxi- 
mately 1100° F. 
carbide continue to grow, and at the 


The spheroids of 


higher temperature a_ spheroidised 
structure is produced. In the interval 
of 750° F. to 1100° F, 


toughness, with consequent loss in 


considerable 


strength, is produced. 

In order to produce a combination 
of a hard wear-resistant case and a 
tough core, the process of case- 
carburising and hardening is resorted 
to. The required combination of pro- 
perties is produced by manufacturing 
the components from a low-carbon 
steel and then causing carbon to 
diffuse into the until the 
earbon content has been increased to 
about 0:85 to 1+10%,. 
carbon causes the hardening capacity 
of the surface to be increased and its 


surface 


The increased 


critical range to be lowered. 


The Effect of Hygroscopic 


Flux Residues on _ the 
Corrosion Resistance of 
Welded Light-Metal 
Tubes 


By E. v. RAJAKOVICS. 
“vas of two Polital 
(Aluminium - magnesium - silicon) 
and Duralumin 681ZB (Aluminium- 
copper-magnesium) were tested. In 


alloys, 


one series, one end of the tube was 
closed by a round dise of the same 
alloy welded on; in a second series 
both ends of the tube were closed in 
the same manner. A proprietary flux 


Autog. Metallbearb., XXXIV, 1941, No. 7, pp. 113- 
116, (Metallurgical Abstracts, XI, June, 1944, 
Part 6, p. 180.) 
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(melting at 595° C.) was used with oxy- 
acetylene welding. In order to deter- 
mine the effect of flux left on the work 
of various of cleansing, 


and means 


of tubes were treated = as 
The flux was (1) left on; (2) 
and (3) 


tube 


groups 
follows : 
with water ; 
washed off with water, the 
pickled in 10% HNOi, 


The tubes were then exposed 


washed = off 


. and again 
rinsed, 
in an industrial area in the north of 
Berlin. 


vicinity of a gas plant and so placed 


They were in the immediate 
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that they were also exposed to soil- 
containing waste water. After one year 
the tubes pickled with HNOi showed 
no visible attack. Where the flux was 
simply washed off with 


left on or 
water, there was corrosion in varying 
degree. Both direct chemical attack and 
intererystalline corrosion took place. 
No attack of any was evident 
within the closed tubes, from which, of 
course, it was impossible to remove 
the flux residues. This is of importance 
in construction employing closed tubes. 


sort 


Bonding Metal Particles by Heat Alone 


Without 


Pressure 


By Laurence Delisle 


PP HIS 


sults of MuCcrOSCO pie eXamination 


report imecorporates the re- 
and a few physical tests of specimens 
made of metal powder, by sintering in 
hydrogen for three hours at various 
temperatures. Powders of different 
particle shape and size were used with- 
out application of pressure, Iron, 
copper and silver powders were investi- 
gated, It was found that the particle 
size is & very important factor on the 
extent to which bonding between par- 
ticles proceeds and on the density of the 
For the particle 
from ai few 


sintered specimens, 
ranging 
microns to | mm. in diameter, the finer 
the particle size, the better the bond 


sizes studied, 


and the denser the specimen. The effect 
of particle size on the temperature at 
starts could not be 
Cold 
powder seems to lower the tempera- 
The 


addition of small percentages of graph- 


which bonding 


established, working of the 


ture at which bonding starts. 
ite to electrolytic iron seems to lower 
temperature at which bonding starts. 
The particle shape has an effect on the 
extent to which bonding proceeds, 
However, the number of experiments 
carried out on the effects of cold work- 
ing, on the addition of graphite to 
electrolytic iron and on particle shape, 
was not sufficient to warrant definite 
statements, 

The variables considered in this in- 
vestigation were; (1) temperature ; 
(2) shape of the particles ; 
flaky ; (3) 


medium, fine and blended ; (4) metals: 


spherical 


and size of particles ; 


iron, copper and silver; (5) erystal- 
line structure of the particles; an- 
cold-worked 
effect 


nealed and particles ; 


(6) composition : of carbon in 
iron powders, 

From paper preseated at the April, 1944, meeting 
of the Electrochemical Society, (Preprints 385-16), 


Iron Specimens.—A series of speci- 
mens was prepared from carbonyl! iron 
and also from electrolytic iron. Car- 
bonyl iron powder particles sinter 
together easily, even at relatively low 
with the electrolytic 
iron powder first used, bonding started 


temperature and, 


temperatures ; 


at a higher once 
started, it proceeded to a lesser degree. 
Both powders were free from impuri- 
ties, such as phosphorus, sulphur and 
slag, but differed in their crystalline 
structure, their particle size and shape, 
their carbon, oxygen and hydrogen 
content, 
The 


sintered 


particles of carbonyl iron 


together and the powder 
formed moulded pieces. However, the 
specimens sintered at 300°, 400° and 
500° C. were very fragile and could 
not be shaped into regular forms for 
At 600° C 


more pronounced, while at 


. reerystallisation is 
800° C, 
only a few original particles are visible 
At 900° C. the 
specimen has almost the same appear- 
metal. It is 
cavities are 


testing. 


under the microscope. 
ance as the massive 
porous, but the much 
smaller than in the specimens heated 
to a lower temperature. At 1000° C, 
the porosity is increased ; at 1100° C, 
the porosity is not uniform and there 
is evidence of grain growth; while at 
1300°C. the grains have become very 
large and the density is increased, 
although individual pores are larger 
than in some specimens sintered at a 
lower temperature, 

Amnealed electrolytic iron powder, 
heated to 500° C., 
much 


sintered into a 
fragile compact, 
than that 


the same 


more fragile 
made of carbonyl iron at 
Heated to 
700" C. the specimen was strong enough 
At 900° C, the bonds 


identified under the 


temperature, 


to be handled. 


can be easily 
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microscope, but the original particles 
are still clearly visible. At 1100° C., as 
in the case of carbony] iron, a decrease 
in density occurs in the vicinity of the 
alpha and gamma transformation. At 
1300° C. the main difference from the 
specimen heated to 1100° C. is in the 
size of crystals within the particles 
Some of the original particies have 
merged, but most of them can still be 
distinguished. 

Experiments were carried out with 
unannealed electrolytic iron powder, 
but the results showed no appreciable 
change. But experiments with the 
finest fraction of the annealed electro. 
lytic iron indicated that by decreasing 
the particle size there is no change 
apparent in the temperature at which 
electrolytic iron powder begins to 
sinter into a coherent mass, it is, how- 
ever, an important factor in deter- 
mining the extent to which bonding 
proceeds once it has started. 

Copper NSpecimens.—In the experi- 
ments with copper powder, fine copper 
shot, slightly oxidised in the manu- 
facturing was 
sizes of particles being — 50 - 100 
and 200 mesh. 
peratures were 900°, 1000° and 1050 


process, used; the 





The sintering tem- 


C. All the specimens made from the 
- 200 mesh powder were quite strong. 
Those made from 50 + 100 mesh 
powder and sintered at 900° and 
1000° C., were friable and had to be 
impregnated with sodium _ silicate 
before polishing. The specimens made 
from 200 mesh powder shrank much 
more on sintering. 
In all the specimens made from — 50 
+ 100 powder, the original 
particles remained clearly visible to 
the naked eye. In specimens made from 
200 mesh powder and sintered at 
1000° and 1050° C., the original copper 
particles could not be detected under 


mesh 


the microscope on account of complete 
reerystallation of the metal. 

The results of the experiments with 
copper powder comprises those ob- 
tained with the iron powders as 
regards the effect of the particle size 
on the density and structure of the 
sintered specimens made from the 
loose powders, i.e., the smaller the 
particle size, within the range studied, 


the denser the specimens and the 


better the bonding. 

Silver Silver 
99-99%, purity was used. Two frae- 
tions of powder, 16 40 and 40 

50 mesh, were sintered at 900° and 
950° C. The specimens made from the 
fine powder were stronger than those 
made from the coarser, but they were 


Npe cimens, 


shot of 
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all fragile. Sintered at 950°C., the 
original particles of the coarser powder 
retained their spherical shape, but, 
with the finer powder, the particles 
lost their original outline and coalesced 
into many denser masses, 


Stresses due 
By J. 


HE small increase in volume 

caused by the nitriding process 
is known to produce distortion in 
sections nitrided on one side only. 
The magnitude of the nitriding stress 
and the distribution of the resultant 
internal stresses is therefore of con- 
siderable interest in cases where con- 
stancy of 


narrow limits is required. The following 


dimensions within very 


procedure may be conveniently em- 
ployed to ascertain the magnitude of 
such stresses in cylindrical bodies. 


«0 =I 


te 
= 
a 


RELEASED BY OF RING 


= 


100 


061.02.5 50 7455 100 
RING THICKNESS IN MM. 


The core of the piece is removed by 
boring, so that only a comparatively 
thin ring remains, which is cut open 
by means of a grinding dise and the 
eusuing deformation of the ring is 
measured. If the ring is made thin 
enough these deformations may be as 
large as several centimetres, the actual 
distortion depending upon wall thick- 
ness and diameter of the ring. From 
the amount by which the ring has 
pened upon cutting, the bending 
moment originally present can be 

2 


found as (1) M where M 


1? 
f°2°E:I 
isthe bending moment, | is the original 
liameter of the ring, f is the amount 
ty which it has opened, E the 
modulus of elasticity, and I is the polar 
moment of inertia. But M 
related to the tangential compression 


e ¢ 
—#.t-b 7 ) 


1s 


is also 


Stress by M 


a 
Frot 


Motortechn, Zeitschr., 1943, p. 292. 


12.455 
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The results of the experiments were 
an agreement with those observed 
with the iron and copper powders as 
to the effect of particle size on the ex- 
tent to which bondirg proceeds at a 
given temperature. 


to Nitriding 
Geiger 


(2) where 6, is the extreme tangential 
compression stress, 6 is the width of 
the ring, s is its thickness, and ¢ is the 
thickness of the nitrided layer. From 
these two equations, §, can be easily 
found. But this compression stress 
does not represent the entire stress set 
up by nitriding, since the removal of 
the core has already released a certain 
amount of internal stress. That this is 
so is proven by the fact that removal 
of the core leads to an increase of the 
outer diameter of the piece by a small 
amount A. Assuming that the com- 
pression stress 6, released by removal 
of the core becomes uniformly dist: i- 
buted over the wall of the ring, it is 
(3) 3,/E =A/d,, where d,, the 
mean diameter of the ring. ‘The entire 
nitriding stress present in the surface 
layer before removal of the core is 
therefore given by 8 = 3, + 8, (4). 

In the case of a thick walled ring, it 
must also be taken into account that 
underneath the nitrided layer the 
tangential stresses due to nitriding of 
the surface shows an increase towards 
the centre of the piece. At a given 
radial distance x from the centre, the 
tangential stress therefore will be given 

pr.” 
ay + r? 
is the tangential force per unit of sec- 
tional area, and r, and r; are the outer 


Is 


a® T r? 
by or. —— where p 


and the inner radius respectively of 


the ring. 

Referring to the accompanying dia- 
gram, it will be seen that in the case 
of thick rings the compression stress 
released by removing the core is very 
small as compared to the bending stress 
released by cutting the ring. Even with 
a ring thickness of 2-5 mm., the com- 
pression stress is only about one-third 
of the bending stress. Only when the 
thickness of the ring is reduced to 
0-6 mm., that is, about twice the thick- 
ness of the nitrided layer, do the 
stresses equal each other. 

It is particularly important to note 
that the total nitriding stress as shown 
in the diagram remains substantially 
independent of the thickness of the 


ring. This must be expected, as all 
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rings investigated were cut from the 
same cylindrical piece. Theoretically, 
any ring thickness may therefore be 
investigating the nitriding 
But in order to obtain a 
sufficiently large deformation which 
can be conveniently measured, a ring 
thickness will preferably be chosen 


used in 


stress. 


which amounts to say at least | mm. 
On the other hand a thickness of 5 mm. 
should not be exceeded, so that formula 
(1) applying to thin walled rings may 
be used. 

In the diagram the magnitude of the 
tangential nitriding compression stress 
in the extreme fibre is given as 376 lb. 
per sq. in., which is a remarkably high 
figure. 


Nitriding Ferro-Alloys 
By R. H. and D. Steinberg 


IGH nitrogen  ferrochromium, 

added to the furnace to produce 
high-chromium steels, refines the grain 
size and helps to develop the strength 
and toughness of the metal without 
searificing machinability. As the only 
commercially available nitrided ferro- 
alloy is high nitrogen ferrochromium 
which contains approximately 0+7% 
nitrogen, experiments were carried out 
to investigate the possibility of ni- 
triding various alloys, commonly used 
in steelmaking with a view to deter- 
mining their economic usefulness. 

Iron electrolytic manganese, low- 
earbon and high-carbon ferro- 
manganese and low-silicon and high- 
silicon ferrosilicon were nitrided with 
ammonia gas at temperature up to 
875° C. Crushed 2 gram samples were 
nitrided for one hour with the gas flow 
regulated to 100 to 125 m.1. per minute. 
From the results given in Table I it 
will be noted that the optimum 
temperature for nitriding iron is 400 
to 600° C., for pure manganese 600 to 
800° C., for ferromanganese 600 to 
700° C., for ferrosilicon about 
600° C, 

In nitriding ferrochromium, much 
difficulty was experienced in dupli- 
cating results and this was attributed 
to some catalytic effect brought about 
by the clay boat used in the tests. 
The 16% ferrosilicon nitrided easily, 
whereas the 78% ferrosilicon did not 
nitride at all, and this fact, together 
with the fact that the optimum tem- 
perature for nitriding the 16% alloy 
agrees closely with the optimum tem- 
perature for nitriding iron led to the 
that the nitrogen 


and 


conclusion is 
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p. 359, 








METALLURGIA 


rABLE LL 
PERCENTAGES OF NITROGEN ABSORBED LIN 1 HOUR BY VARIOUS MATERIALS, 
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Composition 
Material 
C. si Mn Ce. 
eaten ove o-de 0 m4 
Manganese 99-9 
Low-carbon 
Ferromanganest o-lo s0-0 - 
Medium Carbon 
Ferromangtanest 1-36 so-0 
Low-<Carbon 
Ferrochromium 0-05 70-0 
High-Carbon 
Ferrochromiun 1-67 - 68-0 
Ferrosilicon 16 0 
Ferrosilicon 78-0 
combining with the iron and not the 


silicon. It is also considered that longer 


350°C. 175°C. source, 720°C, 77HC, 900 C, 
0 i 7-4 6-2 2°0 1-1 1-1 
0-5 1-4 4 10-4 10-3 

0 l 8-1 10-0 6-0 oO 
0 6-8 | 10-4 11-4 77 1 
0 i) | O-1-0-4 1-t 1-0-1-8 4-7 
0 0-1 2-3 1-7 1-00-44 »°2 
“ 1-6 ” - 1-3 oO 
“ “ 0 “ 0 0 


periods of nitriding would increase the 


percentage of nitrogen in the alloys. 


Investigation of the Influence of the 
Carbon Content of Steel Sheet upon 
the Quality of Zinc Coatings Produced 


by Hot-dip 
Composite 


'T has been occasionally stated that 


unalloyed steel sheet with high 
is less well suited to 


stee] 


carbon content 


hot-dip  galvanising than mild 
But on the other hand it ts 
that stec! 


wires with carbon contents as high as 


material, 
well known high-carbon 
one per cent, present no such difficulty, 
the great 
uniformity and an adherence superior 
to that with 


carbon percentage. 


zine «coating showing 


obtained wire of lower 
As deformability of the coating im- 
the the 
bonding alloy layer, several methods 


proves with thinness of 


have been proposed to achieve a 


bonding layer of minimum thickness. 
In this respect, the addition of alu- 


minium to the galvanising bath is 
known to be highly effective. When 
added to the bath in amounts from 


0+ 15-—0+3 per cent., no bonding layer 
formed at all.! While adherence of the 
coating is excellent, the coating as such 
is too thin to offer satisfactory cor- 
rosion resistance. 

According to T. Sendzimier’s French 
Patent No. 800,714, thick 
coatings with their bonding layer can 


adherent 


be obtained by annealing the material 
first in an oxidising, and subsequently 
in a reducing atmosphere, this treat- 
ment immediately preceding the hot- 
dip process. In the Crapo process?, 
mild steel wire is passed through a 
1 W, Piingel: “Influence of Carbon Content of 
Steel Sheet gulvanising properties,” 
Stahl und Lisen, LOAA, pp, 101-105, 

Bablik: “ as 
1941 (a book). 


upon 


*H, Feuerver:inken, Vienna 


Galvanising 


lead bath at 70C—800° C., a 
of potassium and 
chloride covering the spot where the 


salt bath 


cyanide sodium 


wire emerges from the molten lead. 
In another process, used in Germany 
for some considerable time but not 


hitherto made public, the sheet is sand 
blasted immediately after 
Particularly with 


pickling. 
high-carbon wire, 
this is claimed to produce an especially 
thin alloy layer combined with a thick 
This goes to show that 


the surface condition or the treatment 


spelter layer. 


of the sheet preparatory to hot dipping 
is of considerable importance. 

The formation of the alloy layer is 
also largely dependent upon the solu- 
bility of the steel in the bath of molten 
zine, and this solubility in turn is 


dependent upon the composition of 


the steel as well as upon the composi- 
tion and the temperature of the zine 
bath. In the opinion of H, Bablik* 
and of J. Musatti and A. La 
Falce*, both the percentage of carbon 
and the form in which it is present are 


also 


of decisive influence upon the sohubility 
of the steel in the zine bath. Generally, 


rising carbon content increases the 
solubility, but. according to H. 
Grubitsch®, granular pearlite acts 


similarly. The latter author also claims 
that 
bility attains a maximum in the lange 


with low-carbon steels the solu- 


from 43C-480° C. According to W. 
Piingel, this maximum range is de- 
pressed by an increase in carbon 


content, while the width of the range 
itself is increased by rising phosphorus 
percentage. It is further claimed by 


W. Piingel that rising si:icon also serves 
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to depre ss the maximum range. Ac. 
cording to W. Radeker and R. Haar. 
mann®, increasing silicon content 
also increases the solubility as such, 
The corresponding effects of manganese 
are still a matter of controversy, W, 
Piingel® asserting that its effects re. 
semble those of silicon, but are Joss 
thus contradicting the 
statements made by H. Grubitsch jn 
his German Patent 617,765. 

The tests made by Piingel in the 
course of his investigations were con- 
ducted on test pieces 2mm. thick and 
measuring 20 


pronounced, 


20 cm., the various 


materials investigated having the 

following compositions : 

No. %C. %8i. %Mn. %P. %S8. %Cr. %Cu, 
l 0-06 OF 0-26 0-046 0-030 O-04 O-1 
2 0-16 O-OL 0-40 0-020 0-016 0-07 0-12 
3 0-30 0-01 O-77 0-039 0-034 0-05 0-38 
4 0-34 0-29 O-66 0-034 0-021 06-08 6-15 
5 0-48 0-63 O-8L 0-034 0-037 0-05 0-16 
6 0-50 O-OL 0-73 0-020 0-040 0-05 O-l2 
7 0-74 0-09 0-95 0-030 0-015 0-07 0-25 
8 0-78 0-29 0-66 0-022 O-O21 0-05 0-18 

Of each composition, 12 sample 


pieces were subjected to sand blasting, 
12 other pieces were first sand blasted 
and then annealed at 750° C. 
hour, 12 further samples were 
solely normalised. 

After pickling, six pieces of each set 
of twelve were galvanised by the dry 


for one 


and 


hot-dip process and the other six by 
the wet the bath 
temperature 430-440° C. and 
the immersion time being 30 seconds. 
In the dry process, the pickled sheet 
was sprinkled with 
then dried, and finally immersed in 
the bath. In the wet the 
pickled wet sheet was immersed in a 
bath covered with a flux composed of 
sal-ammoniae and zine chloride. 
Both pro- 


cesses were 


hot-dip process, 
being 


sal-ammoniae, 


process, 


DIVISION WALL 


carried out 





an iden- 
bath al- 
loyed with a 
small amount 
of aluminium. 
By providing 
a partition wall 
as shown inthe 


with 
tical 


accompanying 
sketch, one 
half of the bath can be kept 
with flux. The wet process was car- 
ried out by introducing the sheet in 
the part of the bath with 
flux, passing it under the partition 
wall and withdrawing it on the flux- 
free side of the bath. 

The galvanised pieces were sub} cted 
(a) Stripping 
the 


covered 


covered 


to the following tests: 
test, to determine the weight o! 


coating; (6) Preece test, to ascertain 


‘ 











the 

‘on- 
and 
Ous 


the 





in 








SEPTEMBER, 1944 


the minimum thickness of the coating ; 
(c) Ericksen cupping test ; (d) bending 
test; (e) bending fatigue test ; 
(f) micrographic examination. 


and 


Test Results 
The appearance of the coating varied 
considerably with the various samples. 
The pieces subjected to sand blasting 


Prepared by Sand- 
blasting 


Hot Dip 
Process 


Coating Preece 


10 
10 
lv 
10 





Average 
alone, had smooth surfaces covered 
with small spangles, while the annealed 
exhibited irregular  spangle 
formation, with the coating being of 
In the case of 


black 


were 


sheets 


non-uniform thickness. 


the high-carbon sheets, local 


patches were observed which 


obviously due to insufficient pickling. 


Prepared by 


blasting 
subsequent annealing 


Coating 
grams/sqy.m.) number grams/sqg.m.) number | grams/sq.m, | number 


560 7 
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As will be seen from the subjoined 
table, the zine coatings varied con- 
siderably in thickness, but no influence 
of the carbon content upon the coating 
thickness is evident. But the test data 
clearly reveal the influence of the 
preparatory treatment upon the coat- 
ing produced, the normalised sheets 
showing the thickest coating, while 


Sand- 
and Prepared by 


| “say 
normalising 


Average 
coating 
—<——- | gTtams/sq.m. 
Coating Preece 


at 750°C, 


Preece 











6 ) — 668 

” 7 10 

8 1013 13 850 
—_ 3 10 675 








the sheets annealed at 750° C. possessed 
the thickest 
medium thickness were registered with 
the sheets solely subjected to sand 
The coatings obtained by 


coating. Coatings of 


blasting. 
the dry process ,were only slightly 
thinner than those produeed by the 
wet method. 


The Influence of Small Alloy Additions 
on the Crystallisation and Properties 
of some Special Alloys 
By N.S. Mes’kin and Yu. M. Margolin 


HE effects of small additions of 

vanadium, tit:nium, and tanta- 
lum was studied in the case of the 
following special ferrous alloys :— 
Feehral (13-15% Cr, 5% Al), Chromal 
(30°, Cr, 5-25% Al), Permalloy, 
Hypernik, 18-8 stainless steel, a 14% 
steel, 3 and 
6°, Cr magnet steels, and Cr-Ni-Mo 
structural steels. The alloys were pre- 
pared by melting in an _ induction 
furnace, the single phase alloys being 


Cr corrosion resistant 


melted in a vacuum. I the case of 
Fechral and Chromal the effect of 
small additions of finely powdered 
baux and fireclay, which were in- 
tende:| to act as crystallisation centres 
was 2 so investigated. 


Ad: itions of 0-02 and 0-05% of 


_ 





rom Stal’, 1941, No. 5, pp. 47-53. 


vanadium and titanium, as well as 
0-02 and 0-06% bauxite and fireclay, 
were found to be without any beneficial 
effect on the primary crystallisation 
of Fechral and Chromal. Fireclay was 
an exception, but its effect was slight. 
Additions of titanium slightly im- 
proved the ductility. 

The most striking effect of the addi- 
tions on Fechral and Chromal was the 
prevention by them of coarse grain 
growth in these alloys on prolonged 
heating at 1100° C. 0-05% vanadium, 
and 0-02% fireclay were particularly 
effective in this respect. 

In the case of stainless and corrosion 
resistant steels, additions of titanium, 
vanadium and tantalum (0-02, 0-05) 
had no noticeable effect on the primary 
crystallisation, but improved the cor- 
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The Preece test likewise failed to 
reveal any influence of the carbon 
content, and the cupping test solely 
reflected the normal effects of increas- 
ing carbon content upon the depth of 
the cup. Nor did the bending test 
reveal any influence of the coating 
upon the bending properties, but with 
sheets in excess of 0-3 C, the coating 
showed a greater tendency to rupture. 

According to microscopic imspection, 
the bonding layer varied from 20-30% 
of the total thickness of the coating 
No influence of the carbon 
content thickness of the 
bonding layer could be observed, but 


produced, 
upon the 


migration of the zeta phase into the 
spelter appeared to be more pro- 
nounced in sheets of highest carbon 
content. Irrespective of the amount 
of carbon present, the annealed sheets 
exhibited a very thin bonding layer, or 
no bonding layer at all; but this fact 
was not reflected by the Ericksen test, 

In the bending fatigue test, no ab- 
normal influenee of increased carbon 
content could be noted, rupture taking 
place simultaneously in coating and 
parent metal. Taking the test results 
as a whole, it can safely be concluded 
that the carbon content of the material 
is without any 
quality of the coating. ° 


% Metall, Ital., 1936, pp. 1-17. 

* M.H, Chem. & Verw. Th. and Wiss,, 1932, 
pp. 165-180, 

®§ Loc. cit, 

* S'h! und Eisen, 1939, pp. 1217-1227. 


influence upon the 





rosion resistant and, to some extent, 
the mechanical properties of the 
alloys. 

The cast structure of Permalloy was 
effectively refined by small additions 
of vanadium ; titanium was much less 
effective. On the other hand titanium 
was more effective than vanadium in 
the case of Hypernik. Small additions 
of titanium and vanadium did not 
affect the ductility (forging qualities) 
of either Permalloy or Hypernik, but 
did prevent cracking during forging. 

Additions of titanium markedly 
improved the magnetic properties of 
Permalloy ; increasing the initial per- 
meability more than twice and reducing 
the coercive force to one third. On the 
contrary, small additions of . either 
titanium or vanadium were without 
effect on the magnetic properties of 
Hypernik. 

The various 
proved to be without effect on the 
magnetic properties of the 3 and 6% 
Cr magnet steels, and on the mechani- 
cal properties of the Cr-Ni-Mo struc- 
tural steel. 


small additions used 
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Grain Growth and Recrystallisation of 
70-30 Cartridge Brass 
By R.S. French 


QPECIFICATIONS often set limita- 
t 


ions upon the grain size of an- 


nealed materials because of the im- 
portance of grain size upon subsequent, 
was 


manufacturing Operations, It 


therefore, considered worth while to 
study the that affect the 
recrystallised grain size of 70-30 brass, 
in order to obtain data concerning the 
effects of prior cold-work and tempera- 


variables 


ture and the time of annealing upon 
the recrystallisation and grain growth 
of this Experiments were 
carried out using a coil of brass con- 


material. 


taining 70-04%, copper, 0-007°% lead, 
0-007%) iron, 0-001% nickel, and the 
zine. The sample coil was 
obtained from metal that had 
rolled from hot-rolled mill stock, and 
was received at 0-228in. gauge, soft 
This 


balance 
been 


with a grain size of 0-125 mm. 


material was then rolled 43-5°, to 
0-125in. gauge and annealed to a 
0-053 grain size. 


In the study of erystal growth at a 
constant temperature over a moderate 
length of time, 12 small samples from 
hard 
annealed at 


the stock coil were rolled 16% 


to 0-O03821n. gauge 
definite temperatures for various times 


and 


upto 5 hours and then air cooled. The 
obtained at 
and 655 C. 
Recrystallisation was found 


results 
5OO>. 575 
Table | 

to be compl ‘te within the first two 
minutes and this was followed by a 


are given in 


30 minute period of active growth, 


rABLE 1, 


ANNEALING TESTS AT CONSTAN' 
rEMPERATURE, 


Bf Dime Aver Gram Dime (irain | Grain 
> to ra Size of Sine Size 
Heat | Temp. after Initial after | after 
3 Sample, ( Initial (Growth, , 2. 8 

Mir Girewth, Min, | Hours, Hours, 

Mm. Mm, Mm 

wwe 7 “ue O-o1Ls so 'o-oas | Oooo 

75 ; moo | O-O40 1S 0-075 | 0-087 

t 1 635 | 0-087 no O-120 ) 0-140 
| ! | 
t ' \ 

after which the grain size increased 


slowly, and more or less uniformly, 
although as time ‘increased there was 


an indication of a decreasing rate of 


growth during the 1- to 5-hour period, 


In the investigation on the effect of 


prior cold-work, tests were made at a 


constant annealing time of 1 hour, 


using samples cut from the stock coil 


Metals Technology, 1914, vol. 11, No. 2; A.LM.M.E, 
Technical Publication, No. 1673, 16 pages. 


temperatures of 


and given 25, 50, 75 and 90°, reduc- 
tions respectively in gauge by cold- 
rolling. ‘These samples were annealed 
at various temperatures up to 700°C, 
and grain size specimens prepared from 
them. The 
that while the prior reduction by cold- 
work did not seem to affect grain size 
greatly at higher temperatures it did 
affect the grain size and temperature 


results obtained showed 


of reerystallisation. 
To determine the 
recerystallisation for 


time of 
cart- 


exact 
complete 
ridge brass as affected by changes of 
temperature and amounts of prior 
deformation, samples rolled 50-4, 65-2 
and 76°, were annealed at 300°, 325°, 
400°, 450°, and 500° C., for 2-5, 5, 8, 10 
and 20 minutes respectively. Very 
few of the specimens were found to be 
completely but by 
following the Rockwell hardness values 


recrystallised, 


and estimating the percentage of 
residual cold-worked grains in each of 
the partly recrystallised samples, esti- 
mations were made as to the time 
necessary for complete recrystallisa- 
tion for any of the temperatures or 
reductions, and then in a_ similar 
manner these times were checked. 
Subsequently material 8, 17, 21-7, 


29-5 and 42°, hard was also studied. 
The data obtained from both series of 
tests are given in Table II. 

The results obtained from the various 
tests show that grain growth is affected 
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TABLE Il. 








VALUES OBTAINED IN TOTAL 
RECRYSTALLISATION TESTS. 
Reduce Time. Grain | Rockwell 
Temp tion, Size, Hard t ige, 
c. oo Mm. ness, In. 
Hr. Min. FP, 
soo 76-0) | 1 25 O-OOd oto ; O3L- 
325 76-0 m | O-005 91-5 O31 
> 65-2 nod O07 wo-5 Os 
325 Med 3 oo o-ole | Rou 0-064 
| 
350 76-0 7 | O-006 | 91-0 0-031 
noo 65-2 10 O-oLloe 91-0 0-045 
Boao bord 22 O-o1s s7-0 0-064 
350 0 45 | 0-018 RR-5 0-075 
350) | 628-5 3 oo o-O20 | BOD 0-09] 
oo 76-0 2 O-004 o2-0 0-031 
ow Horn 2 O-O08 90-0 0-045 
0 MO-4 1 O-o1e | RH-5 0-064 
oo 29-5 16 Ooi!) Slo 0-09] 
ow 21-7 32 | 0-026 | 77-+5 0-101 
yoo } 7-0 | l lu 0-037 | 77-0 0-107 
| 
me 29-5 5 | O-Oz1 } 79-0 0-09] 
ie 21-7 | 8 | O-O24 76°5 0-101 
mo 17-0 l2 | 0-032 5 0-107 
0 8-0 2 10 0-054 | 63-0 0-119 
| 
aw 17-0 4 0-032 72-5 |, 0-107 
ooo s-0 7 0-052 67-0 0-119 
=—— ‘ 
by the prior deformation and grain‘ 


size and by the time and temperature 
of annealing. Grain size is greater, the 
higher the temperature and the longer 
the time of annealing. The time neces- 
sary to bring about either the beginning 
or completion of recrystallisation is 
less the greater the amount of deforma- 
tion or the higher the temperature of 
annealing, and the initial grain size 
of recrystallisation material is shown 
to be a function of cold-work prior to 
annealing—the greater the amount of 
work the finer the resultant grain size 
at a given temperature. The anneal- 
ing temperature of very lightly worked 
material is fairly high and the re- 
sultant grain size large. 


Hardenability of High-Carbon Steel 


By E. 8. Rowland, J. Welchner and R. H. Marshall 


carried out on 


quenching 


REVIOUS tests! 

the effect of 
temperature and prior structure on 
the hardenability of one 0- 20°, carbon 


and four 0-40°, carbon alloy steels 


time, 


unless the conditions of 
struc- 
same in 


showed that 
and prior 
the 
performing the hardenability test as 
in conducting the hardening of parts 
in production, the correlation of 
hardenability information with the 
hardness and properties of production 
parts is often of satisfactory 
accuracy. The present investigation 


time, 
ture are substantially 


temperature 


not 


Metals Technology, 1944, vol, 11, No, 1, A.LM.M.E, 
Tech, Pub., No. 1662, p. 12. 
iReprint No, 24, Amer, Soc. Metals, 1943, 


deals with the quantitative variations 
the hardenability of 
high-carbon steels by 
changes in factors of 
temperature and prior structure. 


produced on 
commercial 
these time, 
A plain carbon hypereutectoid steel, 
steel S.A.E. 52100, and Graph-Mo, a 
molybdenum-bearirg high-carbon- 
steel containing some graphite, were 
selected for the tests. The chemical 
analyses of these electric furnace steels 
are given in Table I. Normalised 
(900° C.) and spheroidised prior struc- 
tures were utilised on all steels with 
hot-rolled and quenched (870° C. ou!) 
prior conditions added for the plam 
The end-quench test, 


earbon steel. 
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N Type | , 
{ Gre, 
“| Plaine .. 1-03 
B SOIOO... csce 1-01 
~( Graph—Mo ...... 1-47 0-20 


developed by Jominy, was selected for 
use in this investigation and, with 
certain noted exceptions, the American 
Society for Testing Materials standard 
procedure was followed. 

The effect of time at temperature was 
examined at intervals of 0, 10, and 
40 minutes, and four hours, and a few 
16 hour tests were run. Salt bath 
heating of the specimens was employed 
to control and minimise the time 
necessary to reach temperature, a 
value previously determined to be 6 
Minutes. Quenching temperatures 
selected were 790°C. for steel A, 845°C. 
for steel B, and 815°C. for steel C. 
The influence of varying quenching 
temperatures on the hardenability of 
all three steels was investigated at 


10°C., increments from 790°C. to 
930° C. Shepherd fracture grain-size 
values were obtained on separate 


specimens after all conditions of 
testing. All specimens were examined 
microscopically for decarburisation and 
the effect found to be negligible up to 
4 hours in time and 900° C. in tempera- 
ture. Results were not accepted for 
plotting hardenability curves unless 
four readings for a given bar position 
were within 2 points Rockwell C. 
From the results obtained it appears 
generally advisable to adjust the fac- 
tof§ of time, temperature and prior 
_ stficture in carrying out the hardena- 
biflty test to those used in production 
treating of parts in order that the test 
information may be accurately applied. 
The exception seems to be those steels 
of such high carbon content that ex- 
cessive carbide nucleation renders them 
insensitive to the variables considered. 
The hardenability changes produced 
in a given analysis by variation in 
time, quenching temperature and prior 
structure used, the grain size and the 
and distribution of the 
nucleating carbides. The additional 
factor of concentration gradients of 
alloying elements is probably of minor 


number 


importance, 

Microscopie evidence showed that a 
definite relationship exists between the 
number and distribution of various 


carbides in the quenched microstruc- 
a given hypereutectoid steel 


ture < 


TABLE IL—CHEMICAL 


METALLURGIA 
ANALYSES. 


Composition, 


Mn, Si. Cr. Ni. Mo. 
0-35 0-29 O15 0-18 0-03 7 
0-34 0-28 1-44 0-36 0-02 
0-39 0-75 0-10 | 0-15 0-24 


and the hardenability result, in that 
the conditions that produce the higher 
hardenability also caused fewer visible 
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carbides in the microstructure. Such 
evidence points to the existence of a 
definite relationship in a given steel 
between the number and distribution 
of visible carbides and the correspond- 
ing number and distribution of sub- 
microscopic carbides that may actually 
act as nuclei for austenite decomposi- 
tion on quenching. This generalisation 
apparently does not extend to different 
analyses, but does seem to be valid in 
a given type of steel. 


Effect of some Elements on Hardenability 
By W. Crafts and J. L. Lamont 


N investigation has been made of 
the multiplying factors for some 
of the more common alloying and de- 
oxidising elements for use in calcu- 
lating hardenability of steel according 
to Grossmann’s method*. The investi- 
gation was carried out principally on 
steels made in high-frequency induc- 
tion furnaces, using Armco iron and 
standard alloying materials. A few 
open-hearth steels, however, were used 
in establishing the effect of nickel, and 
the hardenability factor for boron was 
based primarily on open-hearth steels. 
All test-bars were normalised prior to 
the machining of Jominy hardenability 
specimens and the Jominy test was 
carried out under standard conditions ; 
using austenitising temperatures 
judged to be appropriate for the com- 
position of the various steels used. 
To determine whether the hardness 
at 50% martensite for steels containing 
different alloys could be estimated, 
Jominy hardenability specimens of 
several different types of steel were 
submitted to microscopic examination 
along the surface prepared for grain 
size estimation. It was observed that 
the hardness at 50°, martensite was 
influenced by alloying elements to a 
much greater degree than was indicated 
by Grossman, and the difference in 
hardness at 50% martensite appeared 
to be due to the character of the non- 
martensitic part of the structure, the 
nature of which is determined largely 
by the amount and type of alloying 
elements in the steel. In order, there- 
fore, to determine hardenability factors 
based on 50% martensite, it appeared 
essential that all hardenability speci- 
mens be submitted to a microscopic 
examination for estimation of the 


*Traus, A.I.M.E,, 1942, Vol. 150, p, 227. 


Metals Technology, 1944, vol. 11, No.1; A.LM.M.E, 
Tecchnical Publication 1657, p. 11. 





depth at which 50° martensite 
occurred. In calculating the hardena- 
bility factors, the depth on the Jominy 
specimen corresponding to 50% 
martensite was converted to the ideal 
diameter, and using factors already 
determined and those determined ex- 
perimentally by the critical diameter 
was calculated on the assumption that 
the elements shown accounted for all 
of the hardenability of the steel. The 
multiplying factor for a given element 
was determined as the ratio between 
the experimentally determined ideal 
critical diameter and the ideal critical 
diameter calculated from the other 
components of the composition, 
TABLE L 


MULTIPLYING FACTOR FOR VARIOUS 
ELEMENTS. 





Element Multiplying Factor 





Manganese (to 1+7%) 1 + (4-8) (®%Mn) 
Manganese (above 1-7%) 1 + (6-0) (% Mn—0-55) 
Silicon 1 + (0-67) (% Si) 
Aluminium 1 + (0-93) (% Al) 
Nickel (to 3-2%) 1 + 0°74) (% Ni) 
Nickel (above 3-2%%) 1 + (1-5) (% Ni—1-63) 
Chromium + (2°16) (% Cr) 
Molybdenum + (2°53) (% Mo) 
Zirconium + (2°53) (% Zr) 
Vanadium (to 0-25°%,) + (1-73) (% V) 
Titanium (to 0-11%) + (5°58) (% Ti) 
Boron (to 0-001%) + (790) (% B) 


et ee ts 
es 





In Table I are given the hardena- 
bility multiplying factors as determined 
for the calculation of ideal critical 
diameter according to Grossmann’s 
principie. From these results, it is 
noted that the factors behave in a 
semiquantitative manner in proportion 
to the specific effect of the alloys on 
the constitution of steels, The 
austentite-forming elements, manga- 
nese and nickel, increase the factor in 
greater proportion as the amount is 
increased above a critical value, 
although the magnitude of the respec- 
tive factors is quite different. The 
nickel factor is of the same order as 
those of the other ferrite-soluble 





f 
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elements, silicon and aluminium, while 
the manganese factor is similar to those 
The 


elements usually classed as deoxidisers, 


of the carbide-forming elements. 
vanadium, and zirconium, 
increase hardenability in the 
same proportion as the carbide-forming 


titanitim, 
about 


elements, Chromium and molybdenum. 
The boron factor is of a wholly dif- 
and apparently = in- 


ferent order 


creases hardenability by a special 
mechanism, 

The consistent manner in which the 
affect 


the validity 


hardenability confirm 


of CGrossmann’s 


alloys 
strongly 
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method of calculating ideal critical 
diameter. It is emphasised, however, 
that the the 


are based are relatively simple types 


steels on which factors 
and that they are largely in the range 
of 0-3 to 0-55, Experience 


has shown that experimentally deter- 


carbon. 


mined ideal critical diame ter, esp cially 
in low carbon and complex alloy steels, 
may be only a fraction of the ideal 
critical diametcr caleulated from multi- 
The a 


have not been ai alyse dl sufficiently to 


plying factors. discrepancies 
define accurately the types of steel in 
which they may be expected. 


Risering of Steel Castings 
By J. W. Juppenlatz 


TEEL castings, like most metals, 


unddegt, we SHBRBAe “in volume 


‘sAuring their solidification and a void 


oy, cavity is formed usually inside the 
7 To prevent this shrinkage, 
provision is ordinarily made to feed 
the casting during solidification with 
molten metal from outside the casting, 
for this one or more 


Using purpose 


large risers or heads connected with 
the mould cavity of the casting. When 
these risers extend to the top of the 
mould and are open to the atmosphere 
they are known as open risers or heads 
and mist be re latively large in section 
and often in height to prevent prema- 


Where the 
part of the casting to be fed is located 


ture freezing at the top. 


so low in the mould that an excessively 
large open riser would be required, a 
blind head or riser may be used and is 
located entirely in the interior of the 
mould and covered by the mould sand. 
A semi-blind riser, essentially a blind 
riser surmounted by a small open riser, 
blind 
diameter 
the 
This hole o1 


consists of a riser having a 


vent leading 
the 


vent 


small 
the 
top of the mould. 


very 


from dome of riser to 


is too large in section to freeze 


ACTOSS solidification 
the molten 
affected by 


with added advantage of an 


entirely during 


and hence metal in 


the riser is atmospheric 
pressure 
extra head of liquid metal to help to 
fill the shrink. 

Good risering requires that the riser 
attached to the 


cast section, that it should be of such 


should be heaviest 
a volume as to supply the complete 
the 
liquid steel and that it should contain 


demand of solidifying casting of 


the last metal to solidify. The contact 
of the riser to the casting should also 
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pp. 874-879. 


Alloys, 


be ample to enable delivery of liquid 
metal to the — full the 
casting, the the 
hottest metal in terms of superheat 


demand of 
riser should contain 
by gating into the riser and it should 
be constructed or treated so as to 
remain open (liquid) to the atmosphere 
To 


actual 


until solidification is complete. 
the se 


apply 


casting production either open or blind 


requirements to 


their combination may be 


used, according to the particular job, 


risers or 


with gating being applied in various 
ways to obtain the advantages avail- 
able best differential 


directional solidification. 


through and 


Blind risers have becn a problem 
not only because of the absence of any 
gravity feeding effect on the casting 
proper, but chicfly because the molten 
metal in contact with the sand roof 
of the 
tizht 


prevents atmospheric 


form an air- 
metal shell 
pressure 


riser solidifies to 


skin and this solid 
from 
forcing the still-liquid metal into the 
shrinkage vacuum and the casting is 
To 


this and thus use the obvious metal- 


likely to be unsound. overcome 
saving advantages of low-placed blind 
the 
inserting through the mould above the 
the 


risers, riser may be vented by 


riser and well into molten metal 


in it a wedge or rod of some permeable 
that 
well below 


will (@) reach through 
the solid skin of the 
frozen metal at the mould surface and 
the 
metal in the casting, and (6) permit by 
the 
pressure to 


material 
and 
thus be in contact with molten 
transmission of 
the 
metal in contact with it. These perme- 


its permeability 


atmospheric molten 


able rods may be made of core sand 


or of graphite, the latter being a recent 
deve lopment with certain demonstrable 
advantages over sand for this purpose. 
rods are the 


Graphite placed rT 
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risers so that the rising metal cog. 
pletely them and, asfa 
consequence, the freezing temperat 


surrounds 


of the metal is lowered by the absorp. 
tion of carbon from the graphit® rodg 
and the temperature of the metal is 
raised by the combustion of some of 
the graphite, both effects addimg- 
the fluidity of the riser metal. In/blipg 
and semi-blind risers the graphite rodg 
burn out and holes are left in the side 
walls of the riser through which atmo. 
spheric pressure is transmitted to the 
fluid metal. 

Some types of carbon rod composi- 
tions appear to be more effective and 
molten than 
others, but the degree of porosity of 
the materials appear to have itil. 
effect. Experiments have also shown 
that there is little difference in rpsults 


yund 


more soluble in steel] 


obtained with square rods and 
rads. Excessive size of rods in re 
e.: . . : 
ta, the riser dimensions, or an in- 
suffieient molten 
metal results in excessive carbon e 


reservoir of 


tamination of the casting proper. 
practical relation of graphite rod 
riser diameter is considered to be78§ 
follows : 
Riser Diameter. Graphite Rod Diameter, 
3 5 in, fin. 


0 to 
5 to Sin, fe in, 
2 in. 


8 to 12 in, 


Bethlehem Steel _ starts 
Venezuelan Mine Project 
NGINEERS of a Bethlehem Steel 
Corp. native 
labour force of 600 men are construct- 


subsidiary and a 
ing facilitics for an iron ore develop; 
ment in Venezuela, near the mouth 
the Orinoco River. The developr 
centres on 16 iron mine concessiong 
the tropical jungle areas of the s@ 
of Bolivar. Open pit and undergrognd 
mining methods will be used, and 
annual yield is expected to be 2,000,000 
tons of high-grade hematite suitable 
for both blast and open-hearth steel 
The ore will be 
Port 
works will be the 
Orinoco near San Felix. These include 
ore storage and loading facilities, & 
workers’ village, Diesel-electiic power 


furnace processing. 
shipped to the United States. 
constructed on 


plant, a waterworks and shops. A 
conveyer belt system is projected for 
loading boats. This type of installation 
providing flexibility to cope with & 
river level variation of 40 ft. (124 m.). 
At the mines it is planned to build 
another town to house about 450 wor- 
kers and their’families. Highway and 
railroad facilities are being const rueted 
between the port and the mints. 
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